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Telomere is the nucleoprotein structure located at ends of each linear chromosome. It 
plays important roles in maintaining genomic. Telomere shortened with each cell 
division due to the end replication problem of DNA,. Hence telomere length had 
been associated with longevity or reduced mortality. In addition, oxidative stress and 
inflammatory processes has been hypothesized as factors enhancing telomere 
attrition. Chronic diseases, like cardiovascular diseases and cancers, in which 
inflammatory processes are important, have been found to be associated with the 
length of telomere. Whether telomere length is a good biological ageing marker is 
still under debate. The aim of this project is to investigate whether telomere length 
could be used as a good predictor of biological ageing, by examining the relationship 
between telomere length and mortality, some chronic diseases, and lifestyle factors. 
An elderly cohort, including 2000 men and 2000 women was recruited from the 
community. 976 men and 1030 women had telomere measurement were analysed. 
Detailed questionnaires and baseline measurements were done after informing the 
subjects the purposes of this study. Moreover, peripheral blood samples were 
collected to acquire leukocytes for telomere length measurement. Quantitative 
real-time polymerase chain reactions (qRT-PCR) were performed to determine 
telomere length with prescribed method. These parameters were analyzed together 
with other parameters (e.g. lifestyles, diseases, diets) using statistical approaches. 
Our results showed that telomere length was significantly correlated with age, 
Chinese tea consumption, self-rated socio-economic status and coronary heart 
diseases in men, but not for women. In agreement with the demographics that women 
have longer lifespan, telomere lengths of women were generally longer than men, in 
which physiological differences may take a crucial role. 
In conclusion, telomere length may not be a good biological marker for ageing 
among older populations as it was not the single determinant of the ageing process. 
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CHAPTER 1. INTRODUCTION 
1.1 Nature of Telomere 
1.1.1 Telomere structure 
Telomeres are the DNA-protein complex located at the ends of each linear 
chromosome. The unusual structure of the protozoa telomere, which was formed by 
simple repeated hexanucleotide sequence, was first discovered by Blackburn and 
Gall in 1978 (Blackburn & Gall, 1978). Today, we know that telomeres are 
composed of several telomere-binding proteins and DNA tandem repeat ofTTAGGG 
in human (Blackburn, 2001; Liu, O'Connor, Qin, & Songyang, 2004). The total 
number of nucleotides in the repeating sequence is often regarded as the telomere 
length (units: bp or kb). Furthermore, there is a 3'overhanging DNA strand in each 
telomere, in which folded to form t-loop and d-loop with the help of specific proteins, 
called Shelterin proteins (see Figure 1) (de Lange, 2005). 
Figure 1: The 3，overhanging DNA strand of telomere forms T-loop and D-loop 
structure 
5, 3' overhanging strand of telomere 
T-loop 
Telomere end folded to form T-loop & D-loop, 
stabilized by proteins 
D-loop 
1.1.2 Importance of telomeres 
The chromosome ends, now named as telomeres, had long been documented with the 
role in stabilizing chromosomes in McClintock's studies of maize in 1930 
(McClintock, 1939). McClintock observed that when specialized end structures of 
chromosomes were absent, fusions and breakages of these chromosomes during 
mitosis would occur. Nowadays, we have more knowledge on the importance of 
telomeres. Telomeres help to distinguish between intact chromosomes and broken 
chromosomes with its specifically folded t-loop structure (Griffith, et al., 1999; 
Karlseder, 2003). Broken chromosomes, without t-loop structure, are likely to be 
recognised by the cells for degradation. Telomeres also maintain genomic integrity 
during DNA replication by acting as the cap of chromosome (Blackburn, et al, 2000; 
de Lange, 2005). Without telomeres, normal regions for DNA transcriptions would 
be erased by the end replication problem, which will be discussed in the next session. 
In simple words, telomeres act as the buffering zone for the loss of DNA during 
DNA replications. Some other studies had shown that segregation and alignment of 
chromosomes during meiosis may also be associated with telomeres (Blackburn, 
2005). and telomeres may provide cellular signal that induces stress resistance in 
cells and tissues (Joeng, Song, Lee, & Lee, 2004). 
1.1.3 Telomere length attrition during replicative senescence 
The number of times that a somatic cell is able to divide is limited by the Hayflick 
limit, which was named by Hayflick in the 1960s (Hayflick, 1965). He discovered 
that human fibroblasts would eventually lose the capacity of proliferation after 
continuous passages of culture. In 1972, Watson proposed the end replication 
problem ofDNA (Watson, 1972). Usually, DNA replication does not start at either 
ends of the chromosomes. This brings to the problem of what Watson found during 
DNA replication. Usually, DNA replication can only occur in the 5'to 3' direction 
using DNA polymerase III. At the leading strand, DNA replication occurs normally. 
However, small fragments ofRNA are required to be acted as the primers for the 
initiation of DNA replication at the lagging strand, which results in the formation of 
Okazaki fragments. The RNA primers are degenerated and the gaps are filled with 
DNA using DNA polymerase I when the replication comes to the end. To accomplish 
this, there must be another DNA strand in front of the RNA primer, with the Okazaki 
fragments joined by DNA ligase. All sites in the lagging strand have no problems on 
it, except the last attached RNA primers at the ends of chromosomes. These RNA 
primers cannot be converted to DNA and will be destroyed by the RNA degrading 
enzymes. Thus, in each cell division, a small portion of DNA at the ends of the 
chromosomes will be lost (shortening of telomeres). Figure 2 briefly illustrates how 
the end replication problem occurs during DNA replication. In human, approximately 
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10 bp of the telomere is shortened due to the end replication problem (von Zglinicki, 
2001). 
Figure 2. End replication problem causes shortening of telomere 
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The progressive telomere attrition triggers the DNA damage response (DDR), which 
activate ataxia telangiectasia (ATM) and ataxia telangiectasia-/Rad3 -related (ATR) to 
phosphorylate the downstream kinases (e.g. CHKl and CHK2) and p53 (Gire, Roux, 
Wynford-Thomas, Brondello, & Dulic，2004). Phosphorylated p53 then undergoes 
degradation and up-regulates the expression of the p21, a cyclin-dependent kinase 
inhibitor (CDI). The cell will then go into the senescence stage when p21 inhibits the 
cyclin-dependent kinase (Cdk2 and Cdk4), which regulate the progression of G1 
phase to S phase in the cell cycle. As the cell is stalled into the G1 phase, no further 
cell proliferations occur (Gartel & Radhakrishnan, 2005) As this process is initiated 
by telomere shortening during replication, the final consequence in which the cell 
being senescent is known as replicative senescence. Figure 3 summarises the above 
pathways. 

















1.1.4 Telomere length maintenance 
Despite there is a hypothesis stating that the loss of telomere length is evolutionary 
significant in preventing the formation of the cancer cells (which process unlimited 
proliferation capacity), substantial telomere attrition could also cause failure in the 
normal functions of the cells. Therefore, we must acquire certain mechanism to 
compensate for the loss, at least for the actively dividing cells. In the germ cells and 
stem cells, a protein-RNA complex, telomerase, is presented to allow the telomere 
length to be maintained. The mechanism will be discussed below. 
Telomerase is a specialized ribonucleoprotein complex that includes a RNA template 
(TERC) and a reverse transcriptase catalytic subunit (TERT) (Greider & Blackburn， 
2004). TERT is encoded by the hTERT gem located at chromosome 5 with 1132 
amino acids, while the RNA template TERC is encoded by the hTERC gene located 
at chromosome 3 with 451 nucleotides. It was found that the folding of telomerase 
complex involves also DKCl, another protein that function with the telomerase. It is 
responsible for the extension of chromosome ends by adding TTAGGG repeats at the 
telomere in many proliferative progenitor germ and stem cells (Autexier & Lue， 
2006), but it expresses in low level or even absence in the somatic cells (Harley, 
Futcher, & Greider, 1990; Wright, Piatyszek, Rainey, Byrd, & Shay, 1996). The 
expression level of TERT is elevated by c-Myc and estrogen, but suppressed by Rb 
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and p21. 
"Alternative lengthening of telomere" ("ALT") is an additional mechanism for 
telomere length maintenance in some cancer cells. Less is known about the 
mechanisms of ALT compared with that of telomerase. However, no evidences 
showed that ALT is also responsible to the telomere lengthening in normal cells. This 
type of telomere length elongation mechanism is found most in the 
telomerase-inactive human tumours of mesenchymal and neuroepithelial origin 
(Muntoni & Reddel，2005; Reddel & Bryan，2003). This may involve the transfer of 
tandem repeats (recombination) of the sister chromatids (Dunham, Neumann, 
Fasching, & Reddel, 2000). Cells with activated ALT mechanism usually have very 
heterogeneous telomere length (from almost undetectable to over 50kb) (Bryan, 
Englezou，Gupta, Bacchetti, & Reddel，1995). 
1.1.5 Oxidative stress, inflammatory process and telomere length 
It has been shown that telomere erosion accelerated under the hyperoxia condition 
(von Zglinicki, Saretzki, Docke, & Lotze，1995). Von Zglinicki suggests that cellular 
oxidative stress may cause poorer repairment in the telomeric region of DNA (von 
Zglinicki, 2002). As telomere is rich in guanine (G)，it is very susceptible to the 
oxidative stress according to the finding of Henle (Henle, et al.，1999). 
Inflammatory process, in other words, increases the turnover rate of the cells. 
Increased cell turnovers will lead to telomere shortening by the end replication 
problem. There are evidence that shorter telomere length is associated with more 
surrogate markers of inflammation (IL-6, hs-CRP, fetuin-A etc) in the blood, adjusted 
for age and gender (Carrero, et aL, 2008). 
1.1.6 Telomere attrition rate 
French et al. studied 75 members of 12 families and 10 newborn children aged 5 to 
24 months on their telomere attrition rate (Frenck, Blackburn, & Shannon, 1998). He 
found that the rate of leukocyte telomere attrition is not constant throughout the life. 
During the early life, above 1 kb of the telomere is lost annually. After the age of 4， 
telomere length remains stable until early adulthood. Telomere is then continuously 
shortened after young adulthood. French suggested that the rapid telomeric DNA loss 
in the early life is caused by a high rate of proliferation in the most immature subsets 
of hematopoietic progenitors. Partially differentiated progenitors with already 
shortened telomere would be required to sustain hematopoiesis throughout the life by 
substantial cell divisions. This observation was also agreed by Baerlocher et al., in 
which they found that the initial phase of rapid expansion of hematopoietic stem cells 
switch to a different functional mode characterized by a significant decrease of 
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turnover rate (Baerlocher, Rice, Vulto, & Lansdorp, 2007). Lundblad and Wright 
suggested that the variation of telomere attrition rate may be caused by other positive 
or negative factors that may differ across life (Lundblad & Wright, 1996). However, 
consensus has not made to the above hypotheses on the basis of the variation in the 
telomere attrition rate. 
1.2 Age, Gender and Telomere length 
1.2.1 Age and telomere length 
During growth and repairs of cells, telomere lengths are shortened as the result of the 
end replication problem. Moreover, accumulation of oxidative stress also causes 
telomere length to be eroded throughout the life. The telomere length maintenance 
mechanisms do not work in every cell to compensate for the loss of telomeres. 
Therefore, when an individual ages, the average telomere length should be shortened. 
1.2.2 Gender difference of telomere length 
Telomere length of women is often longer than that of men (Benetos, et al, 2001; 
Jeanclos, et al, 2000; Nawrot, Staessen, Gardner, & Aviv, 2004). Three possible 
hypotheses are expected to explain this gender difference. Firstly, the initial telomere 
length of the women may be longer than that of men. Secondly, the rate of telomere 
attrition may be slower in women than in men. Lastly, this phenomenon may be 
caused by both the first and the second hypotheses. 
The first and the third hypotheses are excluded after the investigation of Okuda et al., 
in which no significant differences of telomere length are found in the newborn boys 
and girls (Okuda, et al, 2002). The underlying principle remained unknown 
10 
nowadays. Two additional hypotheses has been raised concerning the ovarian steroid 
hormone and the selection pressure between two somatic cell types (Aviv, 2006). 
As mentioned before, telomere erosion was suggested to be accelerated by oxidative 
stress and inflammation (Carrero, et al, 2008; Cattan, et al, 2008; Richter & von 
Zglinicki, 2007; Sekoguchi, et al, 2007). Estrogens, as the strong anti-oxidative and 
anti-inflammatory hormone (Baba, et al, 2005; Pfeilschifter, Koditz, Pfohl, & Schatz, 
2002; Vina, Borras, Gambini, Sastre, & Pallardo，2005), may help to alleviate 
telomere attrition in women. Moreover, there is a protective effect from estrogen to 
enhance the telomerase activity (via the hTERT gene expression), while androgen 
seems to be the negative regulator of telomerase in normal prostate tissue (Bayne & 
Liu, 2005). 
Furthermore, in the embryonic state of life in woman, one of the X chromosomes is 
randomly chosen to be silenced (by X-chromosome inactivation mechanism) (Brown 
& Robinson, 2000; Carrel & Willard, 2005). Newborn girls are thus having half of 
their cells with paternal X chromosomes silenced and another half of cells with 
maternal X chromosomes silenced. When the girls grow to an older age, selective 
pressure is exerted to dominate the cells either having active paternal X chromosome 
or active maternal X chromosome (Christensen, Orstavik, & Vaupel，2001; Sandovici, 
Naumova, Leppert, Linares, & Sapienza, 2004). This is differed from men that 
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process only one X chromosome in their cells, which is surely a disadvantage. As 
Nawrot et al suggested that telomere length may be X-linked (Nawrot, et al.，2004), 
the selection of X chromosome could be one of the potential determinants of the 
telomere attrition rate. 
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1.3 Health Status and Telomere Length 
1.1.1 Coronary heart diseases 
Association between telomere length and heart diseases are reported extensively 
(Benetos，et al., 2004; Brouilette，et ai, 2007; Epel, et al., 2006; Fitzpatrick, et al., 
2007; Samani, Boultby, Butler, Thompson, & Goodall，2001; Starr, et al., 2007; van 
der Harst, et al, 2007). Samani et al performed the first pilot study comprised of 10 
coronary artery disease patients and 20 controls. In his report, the average telomere 
length of the patients was shorter than that of the controls by 303 bp (p=0.002) 
(Samani, et al, 2001). Benetos et al. found that hypertensive men with carotid artery 
plaques generally have shorter telomere than those without plaques (p<0.01) 
(Benetos, et al, 2004). In a randomly selected cohort of 419 participants, Fitzpatrick 
et al found that shorter telomere length of 1000 bp is associated with three-fold 
increases in the risk of myocardial infarction (95% CI: 1.22-7.73) and stroke (95% 
CI: 1.29-8.02) (Fitzpatrick, et al.，2007). Brouilette et al found an association 
between shorter telomere length and higher risk of coronary heart disease (pO.Ol). 
Also, statin-treated patients are shown to have reduced risk of developing coronary 
heart disease than those of placebo-treated patients (p<0.001). Therefore, they 
suggested that mean leukocyte telomere length can be useful to identify the 
individuals who would benefit most in the statin treatment (Brouilette, et al, 2007). 
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Inflammation and oxidative stress are associated with coronary heart disease 
(Kotur-Stevuljevic, et al, 2007; Ross, 1999; Thomas, et al., 2006). These two factors 
has been shown to accelerate telomere erosion rate (Fitzpatrick, et al.’ 2007), in 
which inflammation increases turnover of cells and oxidative stress damage telomere. 
Therefore, it is possible that telomere length attrition is caused by these factors. 
1.3.1 Cancers 
Replicative senescence is said to be one of the tumour suppressive mechanisms to 
prevent the occurrence of full-scale tumourigenesis (Shay & Wright, 2007). Genomic 
instability is brought about after telomere shortens to a critical length, increasing the 
chance of mutating the proto-oncogenes and tumour suppressor genes. Thus, 
telomere shortening is possible to cause the formation of tumours or even cancers. As 
it is believed that telomeres are progressively shortened in the ageing process, 
number of critically shortened telomeres increases with age. This may partly explain 
why the incidence of cancers gradually increased with advancing age (Campisi, 
2005). 
During the tumorigenesis process, 90 percent of the tumours have very high 
telomerase activity to maintain cellular immortalization. Despite this, ALT pathway 
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may also be activated in the remaining tumour cells. Whether telomerase-based 
mechanism or ALT pathway is used varied between types of cancer involved (Gilley, 
Herbert, Huda, Tanaka, & Reed，2008; Muntoni & Reddel，2005). 
To date, leukocyte telomere length has been shown to associate with breast cancer, 
lung cancer, bladder cancer and skin cancer in previous clinical studies (Broberg, 
Bjork，Paulsson, Hoglund, & Albin，2005; Han, et al.’ 2008; Jang, et a/.’ 2008; 
McGrath, Wong, Michaud, Hunter, & De Vivo, 2007; Svenson, et al., 2008). 
1.3.2 Infections and chronic inflammation 
During an inflection, immune cells would be proliferated in large amount responding 
to the foreign agents. This may result in a faster telomere attrition rate, especially in 
chronic inflections. Moreover, the process of phagocytosis produces oxygen radicals 
that increases oxidative stress, and thus may lead to further telomere erosion. 
Previous studies showed that patients with chronic viral infections had shorter 
telomere length (Pawelec, et al., 2005; Vallejo, Weyand, & Goronzy, 2004). This 
phenomenon was also observed in the hepatocytes of the patients having chronic 
inflammatory liver diseases (Aikata, et al, 2000; Sekoguchi, et al, 2007; Wiemann, 
et al, 2002). Ilmonen et al. showed that lymphocyte telomeres are significantly 
shorter in the man mice inflected by Salmonella, a pathogenic bacteria (p=0.01). 
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Lower bacteria loads are also found in the mice with initially longer telomeres 
(p=0.0006). This may probably due to higher proliferative capacity of immune cells 
that responsible to fight with the pathogens (Ilmonen, Kotrschal, & Perm, 2008). 
1.3.3 Bone mineral density 
The association between bone mineral density and telomere length has been shown 
in both elderly men (N=84) and women with broad age range (N=2150) in the 
previous studies respectively (Bekaert, et al., 2005; Valdes, et al, 2007). Bekaert et 
al found significant associations between age-adjusted telomere length and BMD 
changes of mid-region forearm, ultradistal forearm and total forearm (p=0.03, p=0.10 
and p=0.04 respectively) (Bekaert, et aL, 2005). Individuals with bone loss at the 
mid-region forearm showed a significant shorter telomere length of 423 bp when 
compared with those without bone loss (p= 0.001). With a much larger sample size, 
Valdes et al. confirmed the association of telomere length and forearm BMD 
(p<0.013) in an adjusted model (Valdes, et al, 2007). In addition, spine BMD and 
the risk of clinical osteoporosis were also associated with telomere length (p<0.005 
and p<0.003 respectively). They explained this phenomenon by the inflammatory 
hypothesis of bone turnover, which consequently affect the telomere dynamics. 
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1.3.4 Neurodegenerative diseases 
In a preliminary study constituted with 62 participants, shorter telomere was found to 
be associated with the development of mild cognitive impairment (MCI, a preclinical 
state ofdementia)(Grodstein, et a!., 2008). The odds of MCI is 12-fold higher (95% 
CI: 1.24-116.5) in the individuals with shorter telomere length than those who had 
longer telomere length. Moreover, smaller hippocampal volume is significantly 
associated with shorter telomere in the preclinical state (p=0.038). These results 
established a possible role of telomere length as a biomarker to identify the risk of 
dementia. In another prospective study, Martin-Ruiz et al used mini mental status 
exam (MMSE) to examine if cognitive function was associated with telomere length 
(C. Martin-Ruiz, et al, 2006). For 1 kb decreases of telomere length, the score of 
MMSE is lower by 0.77 points (p=0.04). Similar association is also found in the 
Alzheimer disease (AD) patients (Panossian, et al, 2003). Telomeres are found to be 
shorter in the AD patients compared with the controls (P=0.04). Telomere length of T 
cell was correlated with AD disease status as measured by MMSE scores (P=0.025). 
In a study of 257 older Hispanic, Caucasian and African-American individuals, 
Honig et al found that AD patients have shorter telomere length than that of controls 
(p<0.03) (Honig, Schupf，Lee, Tang, & Mayeux, 2006). 
Parkinson disease (PD), however, does not have consistent associations with 
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telomere length as reported recently (Guan, et al, 2008; Wang, et al., 2008). 
Although Guan et al. found a significant association of telomere length and the risk 
of PD, his analysis was based on a small sample size (N=24) and highly 
age-stratified models (Guan, et al, 2008). Since PD pathogenesis was linked with 
oxidative stress and inflammation in substantia nigra (Gao, Liu, Zhang, & Hong, 
2003; Petrozzi, et al., 2001)，the authors suspected that it may also link with telomere 
erosion. Although shorter telomere length is not found significantly in the overall PD 
patients as compared with the controls, a significant telomere difference (5 kb) is 
found in the PD patients in their 50s and 60s (p<0.01). Wang et al could not find the 
same conclusion as Guan in 96 PD patients and 172 age-matched controls (Wang, et 
al., 2008). In contrast to Guan, Wang found that shorter telomere length is observed 
in the PD controls instead of the PD patients, although this correlation is not 
significant (p=0.09). Wang suggested that there may be other unknown lifestyles and 
environmental factors to influence their results. 
1.3.5 Frailty and mortality 
Human function keeps declining at the latter stage of life until dead. The period of 
declining function may be dominated by frailty syndrome, which represents an 
excess of deficits over assets in a dynamic state of balance, covering physical, 
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functional psychological, nutritional and social domains as reported by previous 
reports (Campbell & Buchner，1997; Markle-Reid & Browne, 2003; Rockwood, Fox, 
Stolee, Robertson, & Beattie，1994). Frailty, is thus a summary of the measure of 
deficits, in other words, a frail individual have more deficits. To quantify how frail an 
individual is, frailty index (FI) can be used (details of how FI was found in this study 
is shown in the session 2.9). In an aged cohort (N=2914), FI increased with age in a 
log-linear relationship (r=0.91; p<0.001) (Mitnitski, Graham, Mogilner, & 
Rockwood, 2002). In the same study, people with higher FI were more susceptible to 
death. Interestingly, it is observed that although women are more frail than men, the 
mortality rate of men is higher than that of women at the same age. Therefore, there 
may be genetic difference between man and woman to give this observation 
(Goggins, Woo, Sham, & Ho，2005). 
Lack of standardized definitions, disease and disability confounders, and complex 
multi-factorial etiology has made the finding of the underlying biological 
mechanisms of frailty difficult (Walston, 2004). However, indirect association 
between frailty and telomere length may be possible. Telomere length has been 
shown to be associated with age-related diseases, such as CHD and cancers (Benetos, 
et a/., 2004; Brouilette，et cd., 2007; Rodier，Kim, Nijjar, Yaswen, & Campisi，2005), 
which are components of the functional deficits included in the FI. As frailty 
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represents the accumulation of multiple deficits that might as caused by telomere 
shortening, it is reasonable to hypothesize the potential associations between FI and 
telomere length. 
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1.4 Lifestyles, Environment and Telomere Length 
1.4.1 Obesity 
In 1122 Caucasian women aged 18 to 76 years, Valdes et al. showed that the mean 
telomere length of obese women is significantly shorter than those of the lean women 
(p=0.026) (Valdes, et al, 2005). The age-adjusted telomere length is found to be 
significantly associated with the body mass index (BMI) and serum leptin (a marker 
and regulator of body fat) concentration (p=0.031 and p=0.019 respectively). 
1.4.2 Smoking 
In the same study of obesity mentioned above, Valdes et al found a significant 
association of smoking and telomere length (Valdes, et al., 2005). They suggested a 
dose-dependent effect of smoking to the telomere length erosion based on the 
principle of oxidative stress caused by the chemicals of the cigarette. In this study, 
each pack-year smoked is equivalent to 18 percent annual loss of age-adjusted 
telomere length when compared with the overall population in their cohort (p=0.045). 
Nevertheless, this association could not be confirmed in another study of 812 elderly 
and the oldest old (Bischoff, et al., 2006). The differences in their cohort structure 
and studied age group may explain the discrepancy. 
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1.4.3 Physical activity 
Cherkas et al studied if there are any associations between physical activity and 
telomere length in 2152 women and 249 men (Cherkas, et al.’ 2008). They used a 
4-point scale (inactive, light activity, moderate activity and heavy activity) to 
represent the physical activity level in the leisure time of their participants. After 
adjusting for age, sex and year of extraction, telomere length is significant associated 
with the level of physical activity. Participants with heavier activity generally have 
longer telomere length (p<0.001). The association is still valid with additionally 
adjustment of BMI, smoking and socio-economic status (p=0.002). 
In consistently with Cherkas's work, Ludlow et al had also found a significant 
association between physical activity level and telomere length in 34 men and 35 
women. However, they observed a different pattern of association. In their finding, 
instead of heavier physical activity, individuals with moderate activity had longer 
telomere length than those having low activity or heavy activity (p=0.001 and p=0.04 
respectively). The stratification of physical activity level, however, is different in 
Cherkas and Ludlow's study. The 4-point scale of physical activity used by Cherkas 
is based on the self-reported activity hours per week of the participants. In contrast, 
Ludlow used both time and intensity of the physical activities in a week to determine 
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the exercise energy expenditure (EEE) of each participant. 
L4.4 Diet 
Not many reports investigated association between dietary patterns with telomere 
length. Nettleton et al，however, is the first to found association between diets and 
telomere length (Nettleton, Diez-Roux, Jenny, Fitzpatrick, & Jacobs，2008). In her 
report, 840 white, black, and Hispanic adults from the Multi-Ethnic Study of 
Atherosclerosis were investigated if their dietary patterns, consumption of food and 
beverages were associated with leukocyte telomere length. After adjusted for age, 
other demographics, lifestyle factors, and intakes of other foods or beverages, 
consumption of processed meat is found to be associated with telomere length. For 
each greater serving of processed meat intake, the T/S ratio (a measure of relative 
telomere length, to be discussed in Section 1.5) was shorter for 0.07 (p=0.006). None 
of the other foods or beverages is associated with telomere length in Nettleton's 
report. 
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1.4.5 Psychological stress 
Woman who has psychological depression is found to have higher oxidative damage 
ofDNA (Irie, Asami, Ikeda, & Kasai，2003). Since oxidative stress has a profound 
effect on telomere erosion (Sekoguchi, et ai, 2007; von Zglinicki, 2002), thus it is 
reasonable to link psychological stress with telomere dynamics. Epel et al. 
demonstrated a relationship between psychological stress and reduced telomere 
length in 39 caregiving mothers and 19 control mothers (Epel, et al, 2004). In his 
work, both chronicity of caregiving and the overall perceived stress are negatively 
correlated with telomere length (p<0.01 and p<0.05 respectively). Individuals having 
higher psychological stress are also shown to have lower telomerase activities 
(p<0.05). However, the exact mechanism for this phenomenon is not yet clear. 
1.4.6 Socioeconomic status 
Socio-economic status (SES) has been associated with human health and mortality in 
some previous studies (J. M. Adams & White，2004; Marmot, 2005). However, 
whether SES could exhibit any effects in the ageing process was unknown until 
Cherkas et al found a difference in telomere length between the higher SES group 
and the lower SES group (Cherkas, et al, 2006). In his investigation, 1552 Caucasian 
woman twins were studied to identify if social status would affect telomere length. A 
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general decreasing trend of telomere length is found in the lower SES group 
(p<0.024) and the mean difference of telomere length is 163.2 bp between the 
"non-manual" and "manual" workers (p<0.01). However, in this study, incomes and 
education levels are independent to the difference in telomere length. The authors 
suggested higher psychological stress in people with lower SES may have taken a 
role. 
This hypothesis is still under debate. Several comments were released after the 
publication ofCherkas's work (J. Adams, et al, 2007; Ellison, 2006; Homsby, 2006; 
Kuh, 2006; Lansdorp, 2006). Homsby questioned if "psychological stress" would 
cause stress in the cellular or molecular level (Homsby, 2006). The differences of 
telomere length may be due to the actions of hormones, such as glucocorticoids 
which are produced to response to the stress. Kuh stated the inconsistence in the 
telomere attrition rate throughout the life (Kuh, 2006). There are plenty of potential 
confounding factors to predict individual and population telomere length variations. 
A snapshot record of the highest attained occupational level may not be as valuable 
as the lifetime socio-economic conditions, diseases or even growing conditions. 
Lansdorp suggested repeating this investigation in term of longitudinal study, in 
which particular stressful characteristics and possible molecular mechanisms should 
be noted and examined in the subsets of leukocytes (Lansdorp, 2006). Adams et al., 
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however, could not confirm the association found by Cherkas (J. Adams, et al., 2007). 
In a homogeneous birth cohort of 318 samples, peripheral blood mononucleocyte 
(PBMC) telomere length is not associated with life-course SES after adjusting for 
lifestyle variables, gender and paternal age at birth. The authors suggested the large 
inter-individual differences in blood cell telomere length (Okuda, et al., 2002) could 
masked any correlations, particularly with small sample size. 
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1.5 Methods of Measuring Telomere Length 
Subject to what Different methods were developed to estimate telomere length, 
especially when nowadays telomere length becomes a hot topic in the biological and 
clinical researches. 
Mean terminal restriction fragment (TRF) analysis is the first developed method to 
estimate telomere length. It was a widely used technique in the traditional telomere 
assays (Chang & Harley, 1995; Moyzis，et al, 1988). The advantage of using this 
method is that it requires only simple equipments and reagents which almost all 
standard molecular laboratories have. Basically, the principle of mean TRF analysis 
is blot the telomeric DNA and compare the size of the DNA to the size marker. To do 
so, genomic DNA is first digested with the non-specific restriction endonucleases 
(e.g. Hindlll and Hinfl). These endonucleases cleave most of the genomic DNA but 
not telomeric DNA (TRF). Afterwards, gel electrophoresis is performed to resolve 
the TRF，followed by Southern hybridization. Labelled probes specific to TRF then 
bind to the regions of the membrane containing TRF. The membrane is scanned 
whereas the labelled probes indicate the location of TRF. Smear, instead of single 
banding, will be shown in the membrane, indicating that telomere length may not be 
the same even though in a single cell. When compare the central position of the 
smear and the size markers with known number of base pairs, the mean length of 
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TRF can be determined. Although it is a simple technique, it is quite time consuming 
and labour intensive. Moreover, this technique requires a substantial amount of DNA 
to be digested by the endonucleases in the first step, which is not favourable. Another 
drawback is that subtelomeric region close to the telomere repeats may also be 
included in this assay as the endonucleases cannot cut this site. As the length of the 
subtelomeric region varies, it reduces the accuracy of the measurement of the actual 
telomere length. For very short telomeres, the signals given from the probes may be 
quite weak and sometimes as weak as below the threshold detecting level. Nowadays, 
this method is gradually substituted by other new methods. 
Quantitative fluorescence in situ hybridization (Q-FISH) was developed by Lansdorp 
et al in 1996 (Lansdorp, et al., 1996). Florescent-labelled probes containing peptide 
nucleic acids (PNA) sequence 3 ‘ -CCCTAACCCTAACCCTAA-5 ‘ are used to bind 
with telomere of the cells in metaphase. Other parts of chromosomes are 
counter-stained with propidium iodide. The florescent signals given by each 
chromosome are then recorded by camera and analyzed by computer programs. More 
labelled-probes are hybridized to the longer telomeres and thus give higher florescent 
signals. Q-FISH can therefore be used to measure inter-chromosomal or even 
intra-chromosomal variations of telomere length. Although this method is sensitive, 
the actual telomere length could not be determined directly. Same as the mean TRF 
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analysis, there is a threshold limitation in the detection of fluorescent signal intensity. 
More importantly, as metaphase has to be reached for the hybridisation of probes and 
telomeres, this method suits only cells that are able to grow. This implies that 
Q-FISH is not applicable for the senescent cells. 
In 1998，Rufer et al developed a new method using similar principle as Q-FISH to 
determine the telomere length. This method is now named as flow-FISH as it 
requires the use of flow cytometry technique (Rufer, Dragowska, Thombury, 
Roosnek, & Lansdorp, 1998). This method could produce high throughput result, but 
could not look at specific chromosomes in a cell. Also, this method was not widely 
applied to cell types other than hematopoietic cells that may be due to the high level 
of background auto-fluorescence and higher proportion of senescent cells in other 
ageing tissues. 
In 2002, Cawthon developed a method to determine telomere length by quantitative 
real-time polymerase chain reaction (qRT-PCR) (Cawthon, 2002). This is a 
PCR-based method, allowing higher sensitivity, that is, fewer sample DNA is 
required as compared with the traditional TRF analysis. The principle of this method 
is to measure the factor by which the ratio of telomere repeat copy number to a single 
copy gene (T/S ratio) differs between a sample and that of a reference DNA sample 
(Gil & Coetzer，2004) using quantitative real-time PGR (qRT-PCR) and SYGR dye. 
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Before Cawthon, determining telomere length using PGR was not possible simply 
because of the problem in designing suitable primers. To design primers for the 
repeating sequence of TTAGGG was a difficult task as these primers form 
primer-dimers easily. Cawthon, however, developed a set of primers which solve the 
obstruction from the primer-dimers. In his design, there are uniquely designed 5' tails 
in the primers and the remaining parts are repeated pattern of six nucleotides with 
one mismatch with template for every five paired bases. For the strongest possible 
dimer formed by the primers, the 3'-terminal nucleotide could not be 
complementarily paired, thus blocking the DNA polymerase to add additional bases 
in this situation. About two years later, Gil et al developed another protocol similar 
to Cawthon but different in the machine used (Gil & Coetzer, 2004). They used 
Roche LightCycler Real-time PGR system instead of Prism 7700 sequence detection 
system that used by Cawthon. This development of this method allows efficient, 
simple and high-throughput mean of measuring telomere length. 
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1.6 Aims and Hypotheses of the Study 
1.6.1 Aims 
There are no previous studies of telomere length focused in the Chinese elderly. The 
main research question of this project is thus to investigate whether telomere length 
is a significant biological marker of ageing in the aged population in Hong Kong. To 
address for this question, this project aims to: 
1) Study the telomere length distribution in related to age and gender. 
2) Investigate the associations between telomere length and health status. 
3) Investigate the associations between telomere length, lifestyles and 
environmental factors. 
1.6.2 Hypotheses 
Telomere length is found to be associated with lifestyles and other environmental 
factors in some studies based on the non-elderly cohorts. At the same time, many 
other studies found telomere length to be associated with age-related diseases, such 
as CHD and cancers. Thus, it is sensible to hypothesise telomere length may be a 
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significant biological marker of ageing in the elderly, in which the accumulated 
effects of lifestyles and environmental factors should have taken effects to their 
telomere length. To make this hypothesis practically measurable, several other 
hypotheses are made as listed below. 
Natural variations of telomere length with aging 
1) Telomere length may be shortened with age in the elderly. 
2) There is a gender difference in telomere length in the elderly. 
Associations between telomere length and health status 
1) Mortality rate is higher in the individual with shorter telomere length. 
2) Shorter telomere is associated with chronic diseases. 
3) Frail individuals have shorter telomere length. 
Associations between telomere length, lifestyles and environmental factors 
1) Smoking accelerates telomere length attrition. 
2) Moderate physical activities reduce telomere length attrition rate. 
3) People with lower socioeconomic status have shorter telomere length 
4) Diet habit is associated with the rate of telomere attrition. 
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CHAPTER 2. SUBJECTS AND METHODS 
Overall, the work flow of this project is summarized in Figure 4 below. 
Figure 4. Summary of works in this project 
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QRT-PCR 
Telomere length 








2.1 Subjects Recruitment 
A total of 4000 community-dwell subjects (2000 men and 2000 women) with age 
over 65 years old were successfully recruited to join a community health survey by 
placing recruitment notices in the community centres for the elderly and housing 
estates. They were invited to attend health checks carried out in the School of Public 
Health of the Chinese University of Hong Kong during 2001 and 2002. Several talks 
were organized to explain the purpose, procedures and investigations to be carried 
out. Subjects were normal volunteers. Stratified sampling was used to ensure that 
approximately one-third of the participants fall into each of the following age strata: 
65-69, 70-74, and 75+ years old. This study was approved by the Clinical Research 
Ethics Committee of the Chinese University of Hong Kong. 
2.2 Interview 
A questionnaire containing information regarding demographics, cognitive function 
tests, medical history, socioeconomic status, lifestyle habits, dietary record and 
physical activity level was administered by trained interviewers. All subjects were 
required to complete this questionnaire accordingly. 
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2.3 Anthropometry 
The body weight was measured by the Physician Balance Beam Scale with each 
subject wearing a light gown (Healthometer, Illinois, USA). Holtain Harpenden 
standiometer was used to measure the height without shoes (Holtain Ltd, Crosswell, 
UK). Body mass index (BMI) was then calculated by dividing the weight in kg by 
the square of the height in meters. Grip strength was measured using a dynamometer 
JAMAR hand dynamometer 5030JI (Sammons Preston, Bolingbrook, IL). The 
average reading for the two readings in right and left side was used. Systolic blood 
pressure (SBP) and Diastolic blood pressure (DBP) were measured in the supine 
portion using a mercury sphygmomanometer and the averages of two readings were 
taken. Duplicate measures of supine blood pressure in right arm and both ankles 
were performed using a standard mercury sphygmomanometer and an 8-MHz 
Doppler probe (Pocket Doppler Model 841-A, Parks Medical Electronics, Inc. 
ALOHA, OR, USA). The Ankle-Brachial Index (ABI) was calculated for each leg by 
dividing the posterior tibial systolic pressure in each lower extremity by the upper 
extremity pressure. ABI less than 0.90 were diagnosed as having peripheral vascular 
disease. An ABI of less than 0.90 is 95% sensitive and 99% specific for 
angiographically diagnosed peripheral arterial disease (Bernstein & Fronek，1982). 
The lowest ABI of the two was used to determine the extent of ischemic disease. 
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2.4 DNA Extraction and Storage 
From each subject, 9 ml of the peripheral whole blood sample was collected. 
Genomic DNA was extracted by standard phenol-chloroform protocol according to 
the method established by Yaich et al. (Yaich, Dupont, Cavener, & Pari，1992). 
Extracted DNA samples, with concentration above 100ng/|il measured by NanoDrop 
Spectrophotometer (Thermo Fisher Scientific, Wilmington, USA), were stored at the 
-20°C fridge until use. Before any assays, these DNA samples were further diluted to 
5ng/|al with Milli-Q water on the 96-well plates (Figure 5). Each 96-well plate 
carried 80 DNA samples. 
Figure 5. A 96-well plate to store the extracted DNA 
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2.5 Telomere Length Measurement 
2.5.1 Terminal restriction fragment (TRF) analysis 
Generally, the TRF analysis followed the method published by Slagbloom et al 
(Slagboom, Droog, & Boomsma, 1994). The TRF lengths of five universal DNA 
controls were measured with this method. Within these five universal DNA controls, 
three of them came from elderly (HK1007, HK1880 and HK1908) and two of them 
came from a young man (Control-J) and a young woman (Control-R). About O.Sjig 
of the genomic DNA was first digested with the Haelll restriction endonuclease. The 
DNA recognition site of this restriction endonuclease is GGCC, whereas the position 
between the second and third nucleotides (G and C) is being cut with blunt end. As 
the sequence of GGCC is common in the genome, most of the regions of the 
genomic DNA are being cleaved into pieces, except for the telomeric DNA (TRF). 
Agarose gel electrophoresis was performed to resolve the TRF, followed by Southern 
hybridization with a nylon membrane. Labelled oligonucleotide probe, (TTAGGG)7 
which is specific to TRF，was bound to the regions of the membrane containing TRF. 
The membrane is scanned whereas the labelled probes indicate the location of TRF. 
The membrane was then rinsed to remove non-specific binding probe and exposed to 
the detecting machine Phospholmager (Molecular Dynamics). DNA size standards 
(23 kb //mJ///-digested phage X DNA and a 1 kb ladder ranging from 1 kb to 10 kb) 
were also included in the gel electrophoresis process and blotted to the nylon 
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membrane. After the TRF is detected, the original probe is stripped completely. At 
the same time, probes for the DNA size standards were hybridised to the membrane 
and scanned again. The two images were superimposed to get Figure 6. The smears 
representing the TRF, together with the DNA size standard markers, were analysed 
by the software Quantity One v4.2.1. (Bio-Rad Laboratories, USA). The grids in 
Figure 6 were formulated by the software and the central position of each TPF smear 
was compared with the size markers to get the TRF length. 
Figure 6. Southern blots result to be analysed by the computer to determine the 
mean TRF length. In this case, reference sample B has a longer mean TRF 
length than reference sample A. 
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2.5.2 Quantitative real-time PCR (qRT-PCR) 
Telomere length measurement followed the qRT-PCR method published by Cawthon 
(Cawthon, 2002) with modification (Gil & Coetzer, 2004). It was mainly performed 
on the Roche LightCycler 480 (Figure 7) with the SYBR green PCR Master Mix Kit 
(Roche, Mannheim, Germany). Before running qRT-PCR, samples of the five 
universal DNA controls mentioned in session 2.4 were added to each 96-well plate 
carrying the sample DNA. Within the five universal controls, four of them (5ng/|il) 
were added in duplicate, and one of the DNA controls (Control-R) was serially 
diluted from lOngjal, 5ng/^l, 2.5ng/|xl and 1.25ng/|xl and added in duplicate. 
Each sample were required to perform two sets of reactions, the telomere assay (T 
assay) and the single copy gene assay (S assay). All of the assays were performed in 
the 384-well plates (Figure 7), which mean the DNA samples from the 96-well plates 
were transferred to the 384-well plates before any qRT-PCR.The master mix 
constituents were identical for both T assay and S assay except for the primers. In 
general, 5 |il of SYBR green master mix, 4 \i\ of DNA sample and 1 of primer mix 
(included both forward and reverse primers) were mixed in each reaction inside the 
384-well plate. The sequences of the primers were acquired from Cawthon 
(mentioned in Gil and Coetzer 2004). 




Primers sequences for the S assay: 
(1) 36B4u, 5‘-CAGCAAGTGGGAAGGTGTAATCC-3‘； 
(2) 36B4d, 5'-CCCATTCTATCATCAA CGGGTACAA-3' 
Specially-designed primer for T assay from Cawthon hybridized to human telomere 
repeat sequence TTAGGG and CCCTAA without forming primer-dimers. The 
primers designed for S assay were used to amplify a single copy gene that encodes 
for acidic ribosomal phosphoprotein PO (36B4) in human. For the T assay, the 
reaction mixes were preheated at 95°C for 10 min, followed by 30 cycles of 5 s at 
95°C, 10 s at 56°C, 60s at 72°C. For the S assay, the reaction mixes were preheated 
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Cycles 
A standard curve of Ct versus log(concentration) of the universal DNA control 
(Control-R) was plotted to get the efficiency for each PCR reaction (Figure 10). The 
PCR efficiency can be obtained by the formula and the acceptable range 
1.5 to 2.2 (Gil & Coetzer，2004). 
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Amplification curves were generated during the qRT-PCR (Figure 9). Threshold 
cycle numbers (Ct) of the DNA samples were recorded by the machine when SYBR 
green gives fluorescence several SD from the baseline in qRT-PCR. This number is 
inversely proportional to log(amount of DNA templates). 
Figure 9. Amplification curves in qRT-PCR to obtain the Ct value 
Amplification Curves 
Figure 10. Standard curve to obtain the PCR efficiency for T and S assay 
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The ratio index of abundance of telomere repeats to single copy gene copy number 
(T/S ratio) is proportional to the average telomere length. The T/S ratio is larger 
when there are more telomere repeats. The T/S ratio was calculated as below: 
T/S ratio of a single sample 
=(PCR efficiency of the T assay p l a t e f '。丨―， *。 m t assay 
“(PCR efficiency of the S assay plate)C|�f _pie m s assay 
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Relative T/S ratio (AACt) is used to compare T/S ratio of a sample with a universal 
reference (Control-R). Hence, when we compare AAQ of different samples, we know 
their relative telomere length. The AACt was calculated as below: 
Relative T/S ratio (AACt) 
_ T/S ratio of a single sample 
T/S ratio of universal reference (Control-R) 
In addition, calibration curve of telomere length versus AACt was plotted using four 
additional reference samples with known telomere length (Figure 11) that has been 
previously measured by the mean TRF analysis and Southern blot mentioned in 
session 2.5.1. The median of the AACt value in each batch was used to plot the graph 
for each control. By fitting the AACt value of each sample to x in formula of the 
calibration curve, the absolute telomere length (y) was found. The y-intercept of the 
calibration curve represented the sub-telomeric region. Therefore, the actual absolute 
telomere length could be calculated by subtracting the absolute telomere length by 
the value of the y-intercept in the calibration curve. 
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Figure 11. Calibration curve plotted using the samples with pre-determmed 
telomere lengths to obtain the absolute telomere lengths from the AACt values 
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The coefficient of determination (R^) of the linear correlation between the TRF 
length and AACt was 0.63 in our lab, compatible to 0.68 by Cawthon (Cawthon, 
2002). After calibrating the telomere length in to kb, the within-batch coefficient of 
variation % (CV%) and between-batch CV% of the telomere length was 8.5% and 
7.5% for a long reference control sample. For a shorter reference control sample, 
there were 6.3% and 6.1% respectively. 
Stringent quality controls for telomere length estimation were employed to eliminate 
any unreasonable cases. Firstly, to remove the extreme cases, a lower percentile of 5 
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with both Ct readings inside this range could pass the first step of quality control to 
eliminate some abnormal cases. Afterwards, Ct outliers (lie at the region 1.5 
inter-quartile range lower than the first quartile or 1.5 inter-quartile range higher than 
the third quartile) were removed. DNA plates with median AACt value greater than 
1.00 were also excluded as the quality control for the whole plates. 
2.6 Self-perceived Health 
Each subject was asked to evaluate his or her own health status compared with the 
others with the same age. It was a subjective measure of health status representing 
how a person perceived how healthy he or she was. This self-perceived health was 
categorised into five groups as very good, good, average, poor and very poor. 
2.7 Medical History 
Medical history was asked during the interview. The presence or absence of disease 
was based on subjects' report of diagnosis by their doctors. It included history of 
diabetes, high thyroid, low thyroid, osteoporosis, stroke, Parkinson disease (PD), 
hypertension, coronary heart disease (CHD), angina, chronic obstructive pulmonary 
disease (COPD), prostatitis, arthritis, rheumatoid arthritis (RA), gastrectomy, 
glaucoma, kidney stone, back pain, cataract, colon cancer, prostate cancer and lung 
cancer. 
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2.8 Bone Mineral Density 
Bone mineral density (BMD) at hip and femoral neck was measured using dual 
X-ray absorbtiometry (DXA) by Hologic QDR-4,500 W densitometers (Hologic, Inc., 
Waltham, Mass.). The coefficient of variation (in vivo) in our laboratory was 0.9% 
and 0.7% at the lumbar spine and at the hip, respectively (Lau, et al，1996). 
2.9 Frailty Index 
FI was used to measure how frail is an individual was. It was developed in a 
Canadian population (Mitnitski, et aL, 2002; Mitnitski, Mogilner, & Rockwood， 
2001) and validated in the Chinese population (Goggins, et al, 2005). The following 
items from the questionnaire were used to construct a list of deficits, used for 
calculating FI (summarized in Table 1): self-perceived health, history of falls in the 
past 12 months, history of osteoporotic fractures, presence of back pain limiting 
activities, clumsiness in walking, clumsiness using hands, the number of prescription 
medication and any difficulties with performing activities of daily living (lADL: 
walking two to three blocks outside on level ground, climbing up ten steps without 
resting, preparing own meals, doing heavy housework such as scrubbing floors or 
washing windows, and doing own shopping for groceries or clothes). Depressive 
symptoms were assessed using the Geriatric Depression Scale (GDS) with a score of 
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>8 representing depressive symptoms (Yesavage, et al., 1983). Cognitive impairment 
was assessed using the Cognitive Screening Instrument for Dementia (CSID) with a 
cut point of <28.4 (Chan, Lam, Chiu, & Prince, 2003). The details of other 
parameters used to construct the FI were shown in other parts of the Chapter 2. 
Following the principle of calculating of FI in previous studies, abnormality in each 
parameter was assigned a score of 1, and summated. The FI was calculated as the 
total score divided by the maximum total score (i.e. 47). 
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Self-perceived health (Poor or very poor) 
Number of disease* 
Past 12m fall>l 
No. of impairments of lADL 
No. of fracture 
Clumsy walking 
Clumsy using hands 
Back pain: limited activities 
Number of medication use 
BMI<18.5kgW 
ABI<0.9 
Grip strength <10 percentile (M<23, F<15) 






















A Frailty index = Score of frailty items/ Max score 
•Diseases include diabetes, high thyroid, low thyroid, osteoporosis, stroke, PD, hypertension, MI, 
angina, CHD, COPD, prostatitis, glaucoma, cataracts, gastrectomy, arthritis, kidney stone, cancer, 
back pain 
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2.10 Mortality Rate 
Four years after the baseline, information on mortality of any subjects was 
ascertained from the government Death Registry. Four-year mortality rate was 
calculated by dividing the number of died subjects by the original number of subjects 
at baseline. 
2.11 Smoking 
Smoking status was separated into three groups: non-smoker, ex-smoker and smoker. 
Non-smoker was defined as the person who did not smoke more than five cigarette 
packs for the whole life. Ex-smoker was defined as the person who smoked more 
than five cigarette packs in the past but had already stopped smoking. For those who 
ever smoked more than five cigarette packs and were still smoking by the time of 
interview, they are defined as smokers. The degree of cigarette smoking was 
quantified by pack years for the ex-smokers and smokers. It is calculated by 
multiplying the number of cigarette pack smoked per day by the number of years that 
person smoked. One pack year is equal to smoke one cigarette pack (20 cigarettes) 
per day for one year. 
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2.12 Physical Activity 
Usual physical activity level was assessed using the Physical Activity Scale for the 
Elderly (PASE) (Washburn, Smith, Jette，& Janney，1993). For each subject, the 
average number of hours per day spent in leisure, household and occupational 
physical activities were recorded with a 12-item scale over a period of seven days. 
Activity weights for each item were determined based on the amount of energy 
expended, and each item score was calculated by multiplying the activity weight by 
activity daily frequency. A summary score of all the items reflect the daily physical 
activity level. 
2.13 Dietary Intake 
Dietary intake was assessed using a food frequency questionnaire (FFQ) and the 
mean nutrient quantity per day was calculated using food tables derived from 
McCance and Widdowson (Paul & Southgate, 1978) and the Chinese Medical 
Sciences Institute (Yang, Wang, & Pan，2002). This FFQ had been validated with the 
basal metabolic rate calculation and the 24-hour sodium/creatine and 
potassium/creatine analysis (Woo, Leung, Ho, Lam, & Janus，1997) Seven categories 
were included in the FFQ: Bread/pasta/rice; vegetables; fruits; meat/fish/eggs; 
beverages; dimsum/snacks; soups; and oil/salt/sauces. For each food item, each 
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subject was required to report the size of each portion, the number of times of 
consumption each day and each week. Catalogue of pictures of individual food 
portions was use to explain the portion size of that food. The amount of cooking oil 
was estimated according to the method of preparing different foods (0.2 tablespoon 
for steaming fish or stir frying half a portion of vegetables, and 1 tablespoon for stir 
frying one portion vegetables or one portion of meat). For those food items 
consumed less than once per week, information were obtained for consumption 
pattern over one year and quantity per day or week were adjusted accordingly/ 
2.14 Socioeconomic Status 
Socioeconomic status (SES) in this study was a subjective measure of social status, 
which was self-rated by each subject. It was first developed by the John D. and 
Catherine T. MacArthur Research Network on Socioeconomic Status and Health. 
This method was found to be consistently and strongly associated with psychological 
functioning and some key health-related factors in various population surveys of 
different cultural and ethnic groups (Adler, Epel, Castellazzo, & Ickovics, 2000). It 
was assessed by asking subjects to place a mark on an upright ladder with ten rungs 
(Figure 12). Two ladders were used in this study based on what were represented for 
the rungs. These two ladders were called the community ladder and the Hong Kong 
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ladder. For the community ladder, the top rung represents the most desirable state 
with respect to their standing in the community, while the bottom rung represents the 
most undesirable state. For the Hong Kong ladder, the top rung represents people 
who have the most money, the most education and the most respected jobs, while the 
bottom rung represents people at the other extreme. 
Figure 12. A ten-rung ladder to assess the self-rated SES 
2.15 Statistical Analysis 
All descriptive and analytical statistics were performed by SPSS v. 15.0 for Windows 
(SPSS Inc, Chicago, USA). Student's t-test was used when average telomere lengths 
of two groups were being compared. Analysis of variance (ANOVA) was used when 
average telomere lengths of three groups or above were being compared. Analysis of 
covariance (ANCOVA) was used for the same purpose as ANOVA, with the 
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additional confounding factors included. Linear regression was used when telomere 
lengths are tested with other continuous variables. Chi-square (x ) test was used 
when telomere lengths are categorized into groups and tested with other categorical 
variables. Pearson correlation and non-parametric Spearman's correlation was used 
to see how two parameters were correlated. Cox proportional hazard model was used 
to find the association between the 4-year mortality and other parameters. Other 
suitable statistical tests were whenever necessary. The significance level was set to 
be 0.05 (two-sided). 
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CHAPTER 3. RESULTS AND DISCUSSIONS 
3.1 Demographics 
A total of 2006 subjects (976 men and 1030 women) were successfully recruited with 
DNA extracted and passed the quality control procedures of telomere length 
measurement. Table 2 summarises the demographics of the cohort. The mean age for 
men and women in the cohort was 72.8 and 72.0 respectively (p for 
difference=0.001). The mean telomere length of the cohort was 9.09. The 
distributions of age are positively skewed (Figure 13). Telomere length, height, 
weight, BMI are normally distributed (Figure 14 to Figure 17). There were 
significant differences between the two genders in terms of height, weight, BMI and 
grip strength (all p<0.005) but no significant differences in pulse, SBP, DBP and ABI. 
The Pearson correlation between age and other demographics are shown in Table 3. 
The results of simple linear regressions between telomere length and other 
demographics are shown in Table 4. Telomere length is correlated to the age of men, 
but not for women (Table 3 and Table 4，to be discussed in session 3.2.2). Most of 
the other demographics are correlated to the age of the subjects (Table 3). Telomere 
length shows associations with height, weight and grip strength of the subjects in the 
cohort (Table 4, p<0.001 for height, p=0.002 for weight p<0.001 for grip strength). 
However, these associations could not be found when gender was added as a 
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covariance (Table 4). It is doubtful to have this observation and may be due to the 
large differences of height, weight and grip strength with the gender (p for gender 
difference<0.005 for all these parameters). In general, men have shorter telomere 
length than women (Table 2). In contrast, they are taller, heavier and with stronger 
grip strength on average (Table 2). The inverse association between telomere length 
and height, weight and grip strength observed in the whole cohort are probably due 
to the gender effect. 
Table 2. Demographics and characteristics of the cohort 
Man Woman Total 
N Mean SD N Mean SD N Mean SD 
Age 976 72.75 5.03 1030 72.02 5.19 2006 72.37 5.12 
Telomere length (kb) 976 8.81 1.62 1030 9.35 2.26 2006 9.09 2.00 
Height (cm) 976 162.9 5.7 1030 151.0 5.4 2006 156.8 8.1 
Weight (kg) 976 62.2 9.2 1030 54.5 8.7 2006 58.2 9.8 
BMI (kgW) 976 23.4 3.1 1030 23.9 3.5 2006 23.7 3.3 
Grip strength (kg) 976 30.4 6.5 1030 20.2 4.3 2006 25.6 7.8 
Pulse (min'i) 976 68.3 10.6 1030 68.0 9.7 2006 68.2 10.2 
SBP (mmHg) 975 141.5 19.6 1029 142.1 19.1 2004 141.8 19.3 
DBP (mmHg) 975 78.4 9.3 1029 77.6 9.2 2004 78.0 9.3 
ABI 976 1.1 0.1 1029 1.1 3.2 2005 1.13 2.31 
56 
Table 3. Pearson correlation between age and other characteristics 
Man Woman Total 
N r P N r P N r P 
Telomere 
length (kb) 
976 -0.069 0.032 1030 -0.009 0.772 2006 -0.042 0.063 
Height (cm) 976 -0.131 <0.001 1030 -0.222 <0.001 2006 -0.068 0.002 
Weight (kg) 976 -0.139 <0.001 1030 -0.209 <0.001 2006 -0.132 <0.001 
BMI (kgW) 976 -0.087 0.006 1030 -0.128 <0.001 2006 -0.114 <0.001 
Grip strength 
(kg) 
976 -0.380 <0.001 1030 -0.295 <0.001 2006 -0.185 <0.001 
Pulse (min-i) 976 0.067 0.036 1030 0.030 0.334 2006 0.049 0.027 
SBP (mmHg) 975 0.017 0.588 1029 0.073 0.020 2004 0.044 0.047 
DBP (mmHg) 975 -0.136 <0.001 1029 -0.109 <0.001 2004 -0.118 <0.001 
ABI 976 -0.202 <0.001 1029 -0.052 0.092 2005 -0.045 0.046 
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Table 4. Relationship of telomere length and other characteristics by linear 
regression 
N 
Man 976 0.47% -0.022 0.032 
Age Woman 1030 0.01% -0.004 0.772 
Total 2006 0.17% -0.016 0.063 
Man 976 0.04% -0.006 0.542 
Height (cm) Woman 1030 0.18% 0.018 0.183 
Total 2006 0.76% -0.21 <0.001 
Man 976 0.09% -0.005 0.341 
Weight (kg) Woman 1030 0.00% -0.001 0.872 
Total 2006 0.46% -0.014 0.002 
BMI (kgW) Man 976 0.06% -0.013 0.451 
Woman 1030 0.05% -0.014 0.483 
Total 2006 0.03% -0.009 0.487 
Pulse (mirfi) Man 976 0.22% 0.007 0.143 
Woman 1030 0.00% -0.002 0.828 
Total 2006 0.02% 0.003 0.538 
Grip strength Man 976 0.13% -0.009 0.258 
(kg) Woman 1030 0.01% -0.004 0.794 
Total 2006 1.20% -0.028 <0.001 
SBP Man 975 0.08% -0.002 0.382 
(mmHg) Woman 1029 0.02% -0.002 0.654 
Total 2004 0.03% -0.002 0.470 
DBP Man 975 0.14% 0.007 0.233 
(mmHg) Woman 1029 0.02% 0.004 0.621 
Total 2004 0.03% 0.004 0.426 
ABI Man 976 0.01% 0.129 0.730 
Woman 1029 0.14% -0.027 0.218 
Total 2005 0.10% -0.027 0.165 
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Figure 16. Weight distribution of cohort 
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3.2 Telomere Length Distribution 
3.2.1 Age and telomere length 
The mean age of the cohort at the time of measuring telomere length was 72.4. 
Within this, the mean age of man was 72.8 while that of woman was 72.0. All the 
above age distributions were positively skewed (Figure 13)，mainly because our 
recruitment requirement of age was set to 65 years old or above. 
The association of age and telomere length was well-established. Here, linear 
regression was used to test if telomere length was related to age in our elderly cohort 
(Table 5). With both sex combined together, telomere length was not associated with 
age with borderline insignificance (b=-0.016, p=0.063). However, in men, shorter 
telomere length was associated with older age (b= -0.022, p=0.032). This association 
could not be found in women (b= -0.004，p=0.772). Figure 18 shows the scatter plots 
of telomere length against age in the cohort. 
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Table 5. Relation between age and telomere length in the cohort 
N R2 Changes in telomere length 
(kb) per unit increment of age 
P-valuet 
Man 976 0.00% -0.022 0.032 
Woman 1030 0.50% -0.004 0.772 
Total 2006 0.20% -0.016 0.063 





Telomere Length = 9.63 + -0.00 * AGE 
R-Square = 0.00 
Age 
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Telomere Length = 10.43 + -0.02 * AGE 
R-Square = 0.00 
Age 
Total 
Telomere Length = 10.26 + -0.02 * AGE 
R-Square = 0.00 
Age 
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Only men showed a negative correlation of telomere length and age in this study. 
Therefore, there may be a gender difference in men and women in term of telomere 
dynamics during the life course (to be discussed in session 3.2.2). However, the 
general trend of telomere length was decreasing with increasing age for both men 
and women. This was agreed with the general concept that, when we age, more cell 
turnovers take place, and cell turnover will lead to telomere shortening because of 
the end replication problem (mentioned in session 1.1.3). Also the accumulated 
oxidative stress of the individuals may also cause telomere attrition (mentioned in 
session 1.1.5). 
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3.2.2 Gender and telomere length 
Average telomere length of men and women was significantly different (t=6.093, 
pcO.OOl). On average, the telomere length of women was 0.53kb longer than that of 
men (95% CI = 0.362-0.706) (Figure 19). After adjusting for the effect of age, there 
were still significant difference between the telomere length of men and women in 
our cohort (p<0.001). Summary of telomere length in the two genders is listed in 
Table 6. 
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Table 6. Gender difference in telomere length 
N Telomere length (kb) Mean difference P-value卞 
Median Mean (95% CI) 
Man 976 8.630 8.814 0.534 <0.001 
Woman 1030 9.030 9.348 (0.362-0.706) 
t P for difference in (1) Student's t-test, (2) ANOVA and (3) ANCOVA (adjusted for age). 
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As the life expectancy of women is longer than that of men, one would expect 
telomere length of women should be longer than men. In this study, women had in 
average about 500bp longer telomere than men which agreed with the above 
statement. It can be explained by primarily the effect of estrogen (Bayne & Liu， 
2005). Bayne found that estrogen enhanced the human reverse transcriptase catalytic 
subunit (hHERT) gene expression, and thus potentially induced activation of 
telomerase. A higher telomerase activity will therefore help the maintenance of 
telomere. Estrogen, as the woman sex hormone (although present also in men with 
relatively smaller amount), will therefore protect women from telomere shortening in 
a greater extent. Estrogen also has the anti-oxidative and anti-inflammatory effect, 
therefore, it can reduce telomere attrition rate during oxidative pressure or 
inflammation (Baba，et cd., 2005; Pfeilschifter, et al., 2002; Vina, et ai, 2005). With 
a higher level of lifelong exposure of estrogen, telomere length of women should 
have been affected in a greater extent. 
In the aged population like this cohort, the gender difference in telomere length was 
therefore still persistent and the cohort was useful to answer the research hypothesis 
in this study. 
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3.3 Health Status and Telomere Length 
3.3.1 Self-perceived health 
Self-perceived health was categorised into five groups, ranging from very good to 
very poor. Table 7 shows the number of individuals in different groups of people 
having the five levels of self-perceived health. In general, the men rated their health 
more in the category of very good or good, while women rated their health more in 
the category of average, poor and very poor. However, when comparing the average 
telomere length in the categories of self-perceived health in both men and women, 
none of the groups were significantly differed from each other, adjusting for the 
effect of age (Table 8). 
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Table 7. Number of individuals with different self-perceived health 
N Number of individuals 
Very good Good Average Poor Very poor 
Man 976 147(15.1%) 418 (42.8%) 366 (37.5%) 40 (4.1%) 5 (0.5%) 
Woman 1030 43 (4.2%) 342 (33.2%) 532 (51.7%) 102 (9.9%) 11 (1.1%) 
Table 8. Average telomere length of individuals with different self-perceived 
health 
Average telomere length (kb) P for P for 
Very good Good Average Poor Very poor difference* difference^ 
Man 8.79 8.92 8.72 8.81 7.67 0.230 0.267 
Woman 9.45 9.23 9.46 9.13 9.50 0.509 0.517 
by ANOVA; 2 by ANCOVA, adjusted for age 
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Self-perceived health, as a subjective assessment of the health status, represents how 
an individual think and estimate his or her own state of health based on comparison 
with other people with similar age. Although men had shorter average telomere 
length than women in this study, a higher proportion of men than women thought 
they had very good or good health. Most women thought their health were just in 
average. This is coherent with the previous reports that women have poorer health 
than men despite of their longer expectancy (Goggins，et al, 2005; Mitnitski, et al., 
2002). 
However, in this study, average telomere length among the five groups of individuals 
did not differed significantly within the same sex. Although the men that thought 
they had very poor health seemed to have shorter telomere length, the sample size 
was so small to make a clear conclusion on whether there is an association between 
telomere length and individuals perceived with very poor health. All at all, 
self-perceived health may not be a good indicator on the telomere length among the 
elderly. 
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3.3.2 History of diseases 
Numbers of individuals with medical history of a list of diseases are shown in Table 
9. There were significant gender differences between the percentages of case in the 
following diseases: high thyroid, osteoporosis, Parkinson disease (PD), chronic 
obstructive pulmonary disease (COPD)，glaucoma, kidney stone and cataract. Table 
10 shows coronary heart disease (CHD) was associated with telomere length in men. 
No diseases could be found to be associated with telomere length in women. The 
mean telomere length of men with history of CHD was 0.35kb shorter than those 
without such history (Figure 20). 
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Table 9. Number of cases with medical records of various diseases 
Man Woman P for gender 
(N= 976) (N=1030) difference 十 
CHD 98 (10.0%) 93 (9.0%) 0.488 
High thyroid 13(1.3%) 51 (5.0%) <0.001 
Low thyroid 7 (0.7%) 17(1.7%) 0.065 
Osteoporosis 27 (2.8%) 86 (8.3%) <0.001 
Stroke 48 (4.9%) 35 (3.4%) 0.093 
PD 9 (0.9%) 1 (0.1%) 0.010 
Hypertension 397 (40.7%) 448 (43.5%) 0.206 
Diabetes 137(14.0%) 152(14.8%). 0.657 
Angina 93 (9.5%) 91 (8.8%) 0.643 
COPD 125 (12.8%) 56 (5.4%) <0.001 
RA 12(1.2%) 20(1.9%) 0.217 
Glaucoma 31 (3.2%) 52 (5.0%) 0.043 
Kidney stone 50 (5.1%) 25 (2.4%) 0.002 
Cataract 333 (34.1%) 477 (46.3%) <0.001 
Colon cancer 11 (1.1%) 9 (0.9%) 0.656 
Prostate cancer 7 (0.7%) — — 
Lung Cancer 2 (0.2%) 1 (0.1%) 0.615 
t Chi-square test or Fisher's Exact test (2-sided) 
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Table 10. Differences between the individuals with and without a list of medical 
records, adjusted for age (General linear model) 
P for the difference between individuals with and 
without the listed medical record^ 
Man Woman 
CHD 0.039 0.596 
High thyroid 0.116 0.241 
Low thyroid 0.235 0.387 
Osteoporosis 0.893 0.906 
Stroke 0.746 0.677 
PD 0.266 0.451 
Hypertension 0.330 0.827 
Diabetes 0.486 0.075 
Angina 0.273 0.532 
COPD 0.448 0.345 
RA 0.833 0.510 
Glaucoma 0.731 0.302 
Kidney stone 0.823 0.678 
Cataract 0.933 0.406 
Colon cancer 0.842 0.204 
Prostate cancer 0.600 — 
Lung Cancer 0.317 0.814 
• by ANCOVA, adjusted for age 
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No Yes 
History of CHD 
Ccndcr: female 
Yes 
History of CHD 
77 
Figure 20. Comparison of the average telomere length of individuals with and 
without history of CHD (N=976 (male); N=1030 (female)) 
Gender: male 
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As discuss in Session 1.3’ several diseases have been linked to telomere length. 
Within those studies, coronary heart disease and cancers are the most 
comprehensively studied and accepted to be associated with telomere length. 
Although there are large amount of researches in cancers and telomere length, most 
of these studies focus on the tissue cell telomere instead of the leukocyte telomere. 
As in this study, telomeres were obtained from the leukocytes, therefore it may not 
be a good approach to directly study the association of telomere length and cancer 
susceptibility. Also, the proportion of cancer patients in both men and women in this 
cohort was so small (-1%) to be powerful enough for accurate analysis. However, 
comparable with many other previous studies(Benetos，et al., 2004; Brouilette, et al, 
2007; Epel, et aL, 2006; Fitzpatrick, et al, 2007; Samani, et ai, 2001; Starr, et al.’ 
2007; van der Harst, et al, 2007), heart disease history was significantly associated 
with shorter telomere length (although only men showed this association in this 
cohort). As inflammation and oxidative stress are associated with coronary heart 
disease (Kotur-Stevuljevic, et al., 2007; Ross, 1999; Thomas, et al., 2006), it may 
accelerate the telomere attrition and cause shorter telomere in the CHD patients. 
It is surprised that telomere length did not associated with other chronic diseases in 
this study. This may be due to the fact that leukocyte telomere length cannot 
represent the actual telomere length of a specific organ. For example, COPD patients 
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may have shorter telomere length in the respiratory system and diabetes patients may 
have shorter telomere length in the kidney. Further studies will be needed to confirm 
the association between telomere length in different organs or tissues of various 
diseases. 
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3.3.3 Bone mineral density 
In general, the hip and femoral neck BMDs were significantly higher in men as 
compared with women for both the baseline measurement and follow-up 
measurement (Table 11). Also, women tended to have higher BMD loss than men for 
both hip and femoral neck (pO.OOl, Table XXX). In the multiple linear regression 
model, age, BMI, smoking history were significantly associated with the hip and 
femoral BMDs in men (Table 12). While in women, age, BMI, calcium intake, 
history of fracture, age of menopause, and history of estrogen treatment were 
significantly associated with the hip and femoral BMDs (Table 12). However, 
telomere length was not associated with the BMDs in neither men or women. Similar 
analysis was repeated to see if telomere length was associated with boss loss during 
the four years follow-up (Table 13). In men, the PASE score was associated with 
small BMD gains in hip and femoral neck. In women, age and history of fracture 
were associated with the changes in hip BMD. However, in both men and women, 
telomere length was not a significant factor to be associated with changes in BMDs. 
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Table 11. BMDs of the cohort at baseline, at 4 year follow-up, and changes in 
BMDs after 4 years 
BMDs (g/cm^) Mean ± SD o r N ( % ) P for gender 
Man Woman difference^ 
Hip BMD 
At baseline N = 963 N = 904 <0.001 
0.857 ±0.126 0.709 士 ( ).118 
At 4-year follow-up N = 727 N = 735 <0.001 
0.859 士 0.129 0.701 士 ( ).116 
Changes in BMD after 4 years -0.007 ± 0.029 -0.016 士 0.031 <0.001 
No. of individual with bone loss 414 (56.9%) 516 (70.2%) <0.001 
Femoral neck BMD 
At baseline N = 963 N = 904 <0.001 
0.680 ±0.109 0.585 ±1 0.101 
At 4-year follow-up N = 727 N = 735 < 0 . 0 0 1 
0.685 ±0.110 0.580 士 0.102 
Changes in BMD after 4 years -0.004 士 0.034 -0.011 士 0.040 < 0 . 0 0 1 
No. of individual with bone loss 386 (53.1%) 499 (67.9%) < 0 . 0 0 1 
Student's t-test or chi-square test as appropriate 
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Table 12. Multiple linear regressions for association between telomere length 
and covariates with baseline BMDs 
Variables Baseline BMDs 
Hip BMP Femoral Neck BMD 
P (95% CI) P-value P (95% CI) P-value 
Man (N = 963) 
Age 
BMI (kgW) 
-0.002 (-0.003，0.000) 0.009 -0.002 (-0.003，-0.001) 0.003 
0.020 (0.018，0.023) <0.001 0.016 (0.014，0.018) <0.001 
PASE score 0.003 (0.000，0.005) 0.034 0.002 (0.000，0.004) 0.056 
Calcium intake (g/day) 0.015 (-0.008, 0.038) 0.201 0.017 (-0.003, 0.037) 0.097 
History of smoking -0.026 (-0.040，-0.011) <0.001 -0.014 (-0.026, -0.001) 0.033 
History ofCHD -0.012 (-0.035, 0.011) 0.303 -0.015 (-0.035, 0.006) 0.157 
History of fracture -0.015 (-0.035, 0.005) 0.143 -0.016 (-0.034, 0.001) 0.066 
Telomere length (kb) 0.002 (-0.003，0.006) 0.424 0.003 (-0.001，0.007) 0.112 
Model ^ = 0.282 Model = 0.249 
Woman (N = 904) 
Age -0.005 (-0.007,-0.004) <0.001 -0.005 (-0.006, -0.004) <0.001 
BMI (kg/m2) 0.016(0.014，0.018) <0.001 0.012(0.011,0.014) <0.001 
PASE score 0.001 (-0.001,0.004) 0.221 0.001 (-0.001, 0.003) 0.189 
Calcium intake (g/day) 0.046 (0.024, 0.068) <0.001 0.037(0.018’ 0.056) <0.001 
History of smoking -0.005 (-0.028,0.018) 0.665 0.001 (-0.019，0.021) 0.930 
History ofCHD 0.002 (-0.020，0.024) 0.844 0.005 (-0.015, 0.024) 0.622 
History of fracture -0.021 (-0.036, -0.005) 0.009 -0.020 (-0.034，-0.006) 0.004 
Age of menarche -0.002 (-0.005, 0.001) 0.139 -0.003 (-0.005’-0.001) 0.013 
Age of menopause 0.002 (0.001，0.003) 0.005 0.001 (0.000’ 0.003) 0.020 
Pregnancy (No. of children) -0.002 (-0.005,0.001) 0.133 -0.002 (-0.005, 0.000) 0.100 
History of breast feeding 0.003 (-0.014，0.020) 0.702 0.013 (-0.003, 0.028) 0.106 
History of estrogen treatment 0.039 (0.008, 0.071) 0.015 0.030 (0.002，0.058) 0.034 
Telomere length (kb) 0.000 (-0.003’ 0.003) 0.988 -0.001 (-0.003, 0.002) 0.458 
Model = 0.366 Model = 0.332 
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Table 13. Multiple linear regressions for association between telomere length 
and covariates with changes in BMDs after 4 years 
Variables Changes in BMDs after 4 years 
Hip BMD Femoral Neck BMD 
P (95% CI) P-value P (95% CI) P-value 
Man (N = 727) 
Age -0.001 (-0.001,0.000) <0.001 0.000 (-0.001，0.000) 0.470 
BMI (kg/m^) 0.000 (0.000, 0.001) 0.409 0.000 (-0.001，0.000) 0.297 
PASE score 0.001 (0.000，0.002) 0.034 0.001 (0.000, 0.002) 0.026 
Calcium intake (g/day) 0.005 (-0.002，0.012) 0.130 0.005 (-0.003，0.014) 0.216 
History of smoking -0.003 (-0.007, 0.001) 0.137 -0.004 (-0.009, 0.001) 0.115 
History o fCHD -0.004 (-0.011，0.003) 0.267 0.004 (-0.004,0.012) 0.351 
History of fracture -0.002 (-0.008，0.004) 0.561 -0.003 (-0.010，0.005) 0.457 
Telomere length (kb) 0.001 (0.000，0.002) 0.090 0.001 (-0.001, 0.003) 0.208 
Model R^ = 0.046 Model R^ = 0.020 
Woman (N = 735) 
Age -0.001 (-0.001,0.000) 0.003 0.000 (-0.001，0.000) 0.330 
BMI (kg/m2) -0.001 (-0.001，0.000) 0.071 0.000 (-0.001，0.001) 0.704 
PASE score 0.000 (-0.001，0.001) 0.495 0.000 (-0.001,0.001) 0.552 
Calcium intake (g/day) 0.001 (-0.007，0.009) 0.836 0.005 (-0.006’ 0.016) 0.355 
History of smoking -0.005 (-0.014,0.003) 0.234 -0.001 (-0.012,0.011) 0.870 
History o fCHD 0.001 (-0.007,0.010) 0.728 0.002 (-0.009，0.013) 0.679 
History of fracture 0.006 (0.000, 0.012) 0.036 0.005 (-0.002,0.013) 0.149 
Age of menarche 0.000 (-0.001，0.001) 0.887 0.000 (-0.001,0.002) 0.607 
Age of menopause 0.000 (-0.001，0.001) 0.377 0.000 (-0.001,0.001) 0.991 
Pregnancy (No. of children) 0.000 (-0.001，0.001) 0.949 0.000 (-0.002, 0.001) 0.712 
History of breast feeding -0.003 (-0.009, 0.003) 0.372 -0.004 (-0.012’ 0.005) 0.400 
History of estrogen treatment -0.002 (-0.013’ 0.010) 0.781 -0.004 (-0.019，0.011) 0.573 
Telomere length (kb) -0.000 (-0.001,0.001) 0.896 0.000 (-0.001,0.001) 0.844 
Model = 0.026 Model r2 = 0.008 
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Although the previous studies suggest that telomere length is associated with bone 
loss or ageing of bone (Bekaert, et al, 2005; Valdes, et a/.，2007)，this study could 
not find the same findings. However, other well-known factors such as age, BMI, 
physical activity, calcium intake, age of menopause and estrogen treatment, were 
significantly associated with BMDs instead. When comparing this study to the two 
previous studies, the range of age can be taken into concern first. The average age of 
this cohort was 72, as compared to average age of 48 in women (about one-third 
were postmenopausal) in one study and an age range of 71 to 86 in men in another 
study. To examine relationship between telomere length and BMD, a larger age range 
will be more preferable. In this cohort, young or middle-aged individuals were not 
included (although it was not the aim of this study). Secondly, different sites of body 
would exhibit different level of bone loss because of body weight or physical activity. 
They are the confounders to make the association more complex. For example, 
Bekaert shows that BMD of forearm may be associated with telomere length 
(Bekaert, et al, 2005), however, forearm may be less affected by the weight as that 
in hip or femoral neck. In the previous studies, only BMDs of forearm and spine 
were associated with telomere length, but not hip BMD or femoral neck BMD 
(Bekaert, et a!.’ 2005; Valdes, et ai, 2007). Therefore, this study confirmed the lack 
of association between hip BMD, femoral neck BMD and telomere length in the 
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aged population. Moreover, genetic factors may also bring a crucial role in bone 
development and loss. This may override the effect of telomere length too. The 
genetic polymorphisms between different ethnic groups may make the difference of 
this study and other studies (Lau, et ai, 2004; Li, Lau, & Woo, 2004). Lifestyles, 
such as habit of drinking milk or smoking, may also be different in different ethnic 
groups which may affect BMDs of the cohorts. 
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3.3.4 Frailty index 
The distribution of frailty index (FI) was positively skewed in both men and women 
(Figure 21 and Figure 22). In general, men were less frail as compared with women 
(mean (SD) FI for men and women were 0.037 (0.035) and 0.053 (0.044) 
respectively). Moreover, there was no correlation between FI and telomere length 
(Table 14). In the multivariate regression model, with adjustment for Chinese tea 
consumption and self-ranked SES, FI was not associated with telomere length neither 
(p=0.840 (male); p=0.416(female)). However, when adjusted with age, frailty index 
was significantly associated with mortality in the Cox proportion hazard model in 
men, but not in women (Table 15). 
86 
. 0 5 0 0 . 0 0 0 . 0 5 0 0 . 1 0 0 0 . 1 5 0 
F r a i l t y I n d e x 
200 0 . 2 5 0 
Figure 22. Frailty index distribution in woman 









. 0 0 0 
• 1 
100 0.200 




A o u w n b s j j 
o 
Table 14. Parametric and non-parametric correlations of frailty index and 
telomere length 
Pearson correlation Spearman's rho (P-value) 
coefficient (P-value) 
Man -0.013 (0.680) -0.036 (0.262) 
Woman -0.008 (0.798) -0.019(0.549) 
Table 15. Frailty Index and Mortality (Cox proportional hazard model) 
Frequency (%)/ Mean (SD) Hazard Ratio 
Man Alive (N=1830) Died (N=170) (95% CI) 
Frailty Index 
<0.043 540 (29.5%) 22 (12.9%) 1 
0.044-0.086 476 (26.0%) 35 (20.6%) 1.70 (1.00，2.91) 
0.087-0.150 470 (25.7%) 48 (28.2%) 1.75 (1.05,2.93) 
0.151 or above 344(18.8%) 65 (38.2%) 2.88 (1.76, 4.70) 
Age (per 5 years) 72.11 (4.87) 75.46 (5.41) 1.52 (1.33,1.73) 
Woman 
� Alive (N=1937) Died (N=63) 
Frailty Index 
<0.064 590 (30.5%) 12(19.1%) 1 
0.065-0.110 440 (22.7%) 11 (17.5%) 1.13(0.49，2.58) 
0.120-0.180 512 (26.4%) 26 (41.3%) 1.94 (0.96, 3.92) 
0.181 or above 395 (20.4%) 14 (22.2%) 1.41 (0.64，3.12) 
Age (per 5 years) 72.50(5.31) 74.97 (6.28) 1.33 (1.07，1.65) 
Bold: p<0.05 
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In this study, no association of telomere length and FI could be found, although FI 
was significantly associated with mortality in men. In fact, the nature of telomere 
length and FI is different in term of representative mean. Telomere length is a single 
specific measure of cellular lifespan. In contrast, FI measures multiple components 
represented by the frail individuals. However, poor conditions of both telomere 
length (too short) and FI (too frail) will lead to the same result - death. 
Factors affecting telomere length shortening and frail are different. Genetic (Gilson 
& Londono-Vallejo, 2007) and hormonal factors (Bayne & Liu, 2005) may affect the 
activity of telomerase and thus telomere length. Oxidative stress and inflammatory 
processes (von Zglinicki, 2002) could also lead to telomere attrition. However, frailty 
represents a summation of deficits, likely to be caused by various life-course 
environmental factors. 
It was found that women had greater frailty than that of men. This is compatible to 
the previous studies (Goggins, et al, 2005; Mitnitski, et al” 2002). Similarly, women 
in this cohort had longer average telomere length than that of men as compatible to 
the well-accepted study (Aviv, Shay, Christensen, & Wright, 2005). However, as 
shorter telomere length is associated with many chronic diseases (as shown in 
session 1.3) and at the same time, these chronic diseases are the component for the 
frailty, men (with shorter telomere) should be more frail than women (with longer 
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telomere) by that logic. The observed result, however, is the opposite. Therefore, it is 
reasonable to suspect there are other factors influencing this. These factors may be 
the hormonal effect of estrogen as discussed in session 3.2.2. Also, the differences 
between the lifestyles, diets and socioeconomic status of men and women may also 
be prominent to associate with frailty or telomere length (Campbell & Buchner，1997; 
Markle-Reid & Browne，2003; Rockwood, et al., 1994). 
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3.3.5 Mortality rate 
After four years of follow-up, 87 out of 976 men and 31 out of 1030 women died in 
the cohort. Telomere length was divided into quartile and the association to mortality 
was investigated using Cox proportion hazard model. Table 16 shows the results of 
the model for men and women. It was found that telomere length was not associated 
with mortality in both men and women, adjusted with the baseline age. 
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Table 16. Telomere length and Mortality (Cox proportional hazard model) 
Frequency (%)/ Mean (SD) Hazard Ratio 
Man Alive (N=889) Died (N=87) (95% CI) 
Telomere length (kb) 
<7.63 211 (23.73%) 21 (24.14%) 1 
7.64-8.63 243 (27.33%) 22 (25.29%) 0.99 (0.55, 1.81) 
8.63-9.81 213 (23.96%) 25 (28.74%) 1.01 (0.56,1.85) 
9.82 or above 222 (24.97%) 19(21.84%) 0.69 (0.36, 1.30) 
Age (per 5 years) 72.51 (4.93) 
� 
75.17(5.39) • 1.51 (1.25，1.82) 
Woman Alive (N=999) Died (N=31) 
Telomere length (kb) 
<7.78 255 (25.53%) 4 (12.90%) 1 
7.79-9.03 257 (25.73%) 5(16.13%) 1.14(0.30, 4.34) 
9.04-10.81 239 (23.92%) 13(41.94%) 2.81 (0.90, 8.73) 
10.82 or above 248 (24.82%) 9 (29.03%) 2.55 (0.78，8.33) 
Age (per 5 years) 71.91 (5.11) 75.39 (6.55) 1.55 (1.16, 2.07) 
Bold: p<0.05 
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Due to the end replication problem, telomere shortened in each cell division when 
telomerase is inactive or absence. Shorter telomere length, therefore, represents an 
older biological age and thus higher susceptibility of dying. In this study, however, 
we could not find a significant association of telomere length and the mortality rate. 
One previous study find that higher mortality rate is associated with shorter telomere 
length in the individuals of age 60 to 75 (Cawthon, Smith, O'Brien, Sivatchenko, & 
Kerber, 2003). Some other studies cannot find the same association in the oldest old 
population (Bischoff, et al.’ 2006; C. M. Martin-Ruiz, Gussekloo, van Heemst, von 
Zglinicki，& Westendorp，2005). This is compatible to our results with a cohort of an 
age range of 65 up to 90，which was generally old. Also, in this aged population, 
survival bias may also influence the result. People with short telomere length may be 
able to maintain their telomere length without shortened to a critical length with 
some unknown mechanisms. Other people with short telomere length or associated 
diseases may be died before we could recruit them in the cohort (Aviv, Valdes, & 
Spector，2006). 
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3.4 Lifestyles, Environment and Telomere Length 
3.4.1 Smoking 
The number of individuals with different smoking status is listed in Table 17. The 
proportions of current smokers and ex-smokers are higher in men than in women. 
The average telomere lengths of different groups of individuals are listed in Table 18. 
There are no significant differences in the mean telomere length between groups of 
different smoking status (Table 18，Figure 23 and Figure 24). Moreover, average 
cigarette pack years of men are higher in the smoking men (Table 19). However, no 
associations can be observed between the cigarette pack years and telomere lengths 
in the smokers (Table 20). 
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Table 17. Number of current smokers, ex-smokers and non-smokers in the 
cohort 










Table 18. Mean (SE) telomere length of the current smokers, ex-smokers and 
non-smokers in the cohort 
Mean (SE) telomere length (kb) P for difference^ 
Current smoker Ex-smokers Non-smokers 
Man 9.04(0.15) 8.78 (0.07) 8.79 (0.08) 0.327 
Woman 9.34 (0.58) 9.10(0.24) 9.37 (0.07) 0.674 
^ By ANCOVA, adjusted for age 
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11.00-
Non-smokers Ex-smokers Current smokers 
Cigarette smoking status 
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Non-smokers Ex^smokers Current smokers 
Cigarette smoking status 
Figure 24. Average telomere length (士2 SE) of non-smokers，ex-smokers and 
current smokers in women 
Gender: female 
Figure 23. Average telomere length (士2 SE) of non-smokers, ex-smokers and 
current smokers in men 
Gender: 
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Table 19. Mean (SE) cigarette pack years of the smokers in the cohort 
Man Woman 
Mean (SE) cigarette pack years 45.9 (2.99) 
for current smoker 
Mean (SE) cigarette pack years 29.8 (1.36) 
for ex-smoker 
Mean (SE) cigarette pack years 33.0 (1.27) 




Table 20. Analysis of the cigarette pack year with the telomere length of the 
smokers, linear regression (adjust for age) 
Partial R^ Telomere length changes (kb) with increase P-value 
in one unit increase in cigarette pack year 
Man 0.000 0.000 0.789 
Woman 0.001 -0.010 0.371 
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In contrast to a previous study that a negative correlation is found in telomere length 
and smoking (Valdes, et al., 2005), this study could not show any association of 
telomere length and smoking status or smoking dose. In Valdes's study, there is a 
wide range of age in the cohort. However, we focused on the elderly. This may lead 
to the discrepancy of the result. In another study with similar age structure of our 
cohort, telomere length is not associated with smoking (Bischoff, et al., 2006), which 
is comparable with our study. 
Although telomere length attrition maybe affected by oxidative stress caused by the 
chemicals in the cigarettes, this effect may not be valid for those people who 
physiological resistance to those chemicals. Some people may be genetically bom to 
have a better anti-oxidative ability than others, therefore less affected by smoking. 
However, we did not include analysis of the oxidative stress of every individual to 
see if smokers are prone to higher oxidative stress or damage in this cohort. Another 
reason for the lack of association can be the survival bias that smokers died earlier 
because of the smoking-associated diseases, such as cancers, heart diseases or 
respiratory diseases. Therefore, in the aged population as in this cohort, smoking may 
not be a good predictor of short telomere length. 
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3.4.2 Physical activity 
Physical activity for each individual was estimated by mean of Physical Activity 
Scale for the Elderly (PASE). There is a significant difference in the PASE score 
between man and woman in our cohort (Table 21, p=0.008). In average, five scores 
of PASE is higher in men than women. Simple linear regression shows that the 
physical activity is associated with the telomere length in women but not in men, 
even adjusted for age (Table 22 and Table 23). In general, an increase of five scores 
in PASE is associated with 20bp longer in telomere length. However, when the PASE 
score is stratified into quartiles and analysed using general linear model to compare 
the mean telomere length in each quartile, no significant associations could be found 
in both men and women (Table 24 & Table 25). 
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Table 21. Summary of PASE score in the cohort 
N Mean PASE score P for gender difference 
Man 976 94.83 
0.008 
Woman 1030 89.72 
Table 22. Analysis of the PASE score with telomere length, linear regression 
R2 Telomere length changes with P-value 
per-5 score increase in PASE (kb) 
Man 0.002 +0.005 0.163 
Woman 0.004 +0.020 0.045 
Table 23. Analysis of the PASE score with telomere length, linear regression 
(adjusted for age) 
Partial R^ Telomere length changes with P-value 
per-5 score increase in PASE (kb) 
Man 0.001 +0.005 0.276 
Woman 0.004 +0.020 0.045 
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Table 24. Estimated mean (SE) of telomere length by different level of physical 
activity, ANCOVA (Man) 
Variable Estimated im ；an PASE score (SE) Pfor Pfor 
<60.4 60.4-89.2 89.3-124.5 >124.5 difference trend 
N 253 254 238 231 
Telomere length' 8.75 (0.10) 8.86 (0.10) 8.75 (0.10) 8.90 (0.11) 0.666 0.458 
Telomere length^ 8.74 (0.10) 8.84 (0.10) 8.78 (0.11) 8.90 (0.11) 0.742 0.401 
1 Adjusted for age only; ^ Adjusted for age, BMI, smoking status and SES 
Table 25. Estimated mean (SE) of telomere length by different level of physical 
activity, ANCOVA (Woman) 
Variable Estimated mi ean PASE sc( )re (SE) Pfor Pfor 
<62.6 62.6-84.6 84.7-102.6 >102.6 difference trend 
N 243 192 249 346 
Telomere length' 9.13(0.15) 9.44 (0.16) 9.39(0.14) 9.42 (0.12) 0.412 0.197 
Telomere length^ 9.14(0.16) 9.52 (0.17) 9.37(0.15) 9.45 (0.12) 0.364 0.250 
Adjusted for age only; ^ Adjusted for age, BMI, smoking status and SES 
Previous studies showed that telomere length is associated with physical activity in 
the middle-aged individuals after adjusting for confounding factors such as body 
mass index, smoking, and socioeconomic status. Therefore, it is reasonable to 
investigate whether telomere length is also associated with physical activity in the 
elderly. One of the previous studies showed that longer telomere length is associated 
with higher physical activity (Cherkas, et ai, 2008) while another study found that 
moderate physical activity is linked with longer telomere (Ludlow, et ai, 2008). In 
contrast to these studies, no associations between physical activity and telomere 
length could be found, which is also contradicted to one of the hypothesis of this 
study. This can be explained by the nature of the cohort. As this cohort comprised of 
elderly instead of middle-aged individuals, age may take a bigger role in affecting 
the telomere shortening. This can be analogised in the same way that the effect of 
cholesterol level is attenuated with age in the coronary heart disease. Also, the 
records of their physical activity were not based on the cohort's lifelong habit, but 
just seven days advance to the time they took the questionnaires. This may not 
accurately reflect their actual physical activity in their life. Moreover, we used 
different methods of calculating the physical activities in which both time and energy 
expense were included in this study. The method of measuring telomere length was 
also different from the above studies, in which qRT-PCR was used in this study, 
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instead of the traditional method. The deviations of methods used may affect the 
result of the association. 
As the association was not significant in this study, whether physical activity could 




Average daily intake of different food groups are listed in Table 26. In general, the 
energy intake of the men was higher than that of the women. The average 
consumption of all food groups (except vegetables) in men was also larger than that 
of the women. Chinese tea consumption was significantly associated with telomere 
length in men (Table 26, p=0.001). This association remained valid even after 
adjusted for other potential confounding factors in the multivariate linear regression 
(Table 27, p=0.002). An increase in 157bp of telomere length was associated with 
drinking about 525ml more Chinese tea per day (one SD) in men. In women, 
consumption of fats and oils was associated with telomere length in both simple 
linear regression and multivariate linear regression (Table 27, p=0.047 & 0.033 
respectively). A reduction of 150bp in telomere length was associated with 
consumption of about 13.6g more fats and oils per day (one SD) in women. No other 
food groups were associated with the telomere length in both men and women in this 
study. 
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Table 26. Average daily intake of different food groups in the cohort 
Average daily intake (SE) 
Man Woman 
Energy intake (kJ/d) 8658.6 (2464.8) 6748.7(1963.0) 
Daily food group intake 
Cereals (g) 649.1 (249.0) 555.4 (210.3) 
Meat and poultry (g) 78.6 (60.2) 53.3 (41.0) 
Fish(g) 90.3 (81.1) 75.7 (69.6) 
Fruits and dried fruits (g) 264.1 (188.6) 258.4 (219.8) 
Vegetables (g) 245.5 (168.6) 245.8 (165.4) 
Dim sum (g) 69.7 (66.2) 41.2 (43.5) 
Fats and oils for cooking (g) 22.7(15.3) 17.7(13.6) 
Chinese tea (ml) 531.9 (523.6) 347.8 (425.8) 
Egg and egg products (g)卞 8.0 (3.8-16.5) 7.4 (3.8-14.3) 
Milk and milk products (g)卞 10.0(1.0-35.9) 6.4 (0.0-25.4) 
Legumes, seeds and nuts (g)个 30.0(15.0-56.1) 25.6 (12.2-49.4) 
Pickled vegetables (g)t 0.0 (0.0-0.8) 0.0 (0.0-0.7) 
Fast food (g)卞 0.0 (0.0-7.8) 0.0 (0.0-4.7) 
Median (Inter-quartile range) presented 
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Table 27. Analysis of telomere length and per 
different food groups, linear regression 
-SD increase in the intake of 
Food group Man Woman 
P P B^ p b2 p 
Cereals (g/d) -0.025 0.596 -0.012 0.858 0.021 0.659 -0.015 0.866 
Meat and poultry (g/d) 0.030 0.595 0.060 0.284 0.008 0.912 -0.016 0.763 
Egg and egg products (g/d)* 0.008 0.888 0.014 0.803 -0.003 0.968 -0.034 0.646 
Fish (g/d) -0.006 0.914 0.016 0.814 0.070 0.263 0.070 0.343 
Milk and milk products 0.079 0.292 0.079 0.157 0.061 0.428 0.061 0.549 
(ml/d)* 
Fruits and dried fruits (g/d) -0.094 0.061 -0.094 0.103 0.066 0.389 0.022 0.701 
Vegetables (g/d) -0.034 0.593 -0.017 0.701 0.017 0.770 -0.015 0.854 
Legumes, seeds and nuts -0.010 0.851 -0.002 0.977 0.072 0.311 0.051 0.505 
(g/d). 
Pickled vegetables (g/d) * 0.035 0.503 0.034 0.527 -0.070 0.320 -0.088 0.229 
Dim sum (g/d) 0.066 0,080 0.132 0.066 0.044 0.666 0.003 0.970 
Fast food (g/d)* -0.011 0.834 -0.017 0.757 0.048 0.502 0.018 0.817 
Fats and oils for cooking 0.031 0.615 0.015 0.818 -0.136 0.047 -0.150 0.033 
(g/d) 
Chinese tea (ml/d) 0.157 0.001 0.157 0.002 -0.043 0.419 -0.043 0.500 
* Log-transformed for linear regression 
1 Unadjusted coefficient 
2 Multivariate adjusted for age, BMl, energy intake, education, current drinker, current smoker, cigarette 
pack-years, PASE score, medical history of heart disease, diabetes and hypertension 
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In this study, Chinese tea consumption was positively associated with telomere 
length in men while fat and oil consumption was negatively associated with telomere 
length in women. 
As telomere length attrition can be caused by oxidative stress and inflammation, it is 
reasonable to look at whether diet, which may potentially increase or reduce the 
susceptibility of oxidative damage or lowering s of inflammation, could also 
influencing telomere length. Recent study reported that consuming more processed 
meat will lead to shorter telomere length (Nettleton, et al, 2008), although other food 
groups could not show any associations with telomere length. 
Tea has been documented to cause beneficial effects on health in previous report 
(Cabrera, Artacho, & Gimenez, 2006; Gardner, Ruxton, & Leeds, 2007). Some other 
studies reported that tea consumption can reduce risk of cancer (Kurahashi, Sasazuki, 
Iwasaki, Inoue, & Tsugane，2008), diabetes (Iso, Date, Wakai, Fukui, & Tamakoshi, 
2006; Odegaard, et al., 2008), cardiovascular diseases (Sasazuki, et al, 2000) and 
motality (Kuriyama, et al, 2006), also reduce levels of inflammatory markers (De 
Bacquer, Clays, Delanghe, & De Backer, 2006). As tea is rich in anti-oxidative 
compounds, such as polyphenols, carotenoids, ascorbic acid and certain 
phytochemical products (Cabrera, et al, 2006; Gardner, et al, 2007), it may protect 
telomere from oxidative damage during the ageing process. As men consume more 
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Chinese tea, the effect of tea may be more prominent in men than in women, thus 
making the association only significant in men but not women. 
In women, an inverse relationship of telomere length and intake of fats and oils was 
observed. In the Chinese population, vegetables are often stir-fried instead of 
consuming as raw vegetables. Previous study found a reduction in the nutrition value 
of stir-fried vegetables, ascorbic acid (Vitamin C, an anti-oxidant) may also 
decomposed in high temperature stir-fry cooking method (Moreno, Lopez-Berenguer, 
& Garcia-Viguera，2007). Other studies also showed that heating oil may generate 
oxidative, mutagenic compounds that lead to cancers (Dung, Wu, & Yen, 2006; Wu, 
Yen, & Sheu，2001). Therefore, consuming higher amount of oils may indirectly 
reflect higher oxidative stress to the body and thus result in shorter telomere length. 
However, the reason why only women showed a significant association is still not 
clear. 
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3.4.4 Socioeconomic status 
Summary of the self-ranked SES in the cohort is shown in Table 28. There was a 
significant gender difference in the self-ranked SES within the cohort (Table 28, 
p<0.001). The Pearson correlation coefficients (R) between SES (community ladder) 
and SES (Hong Kong ladder) were 0.436 (p<0.01, two-tailed) and 0.306 (p<0.01, 
two-tailed) in men and women respectively. The SES rankings were stratified into 
three groups: low (1-4)，middle (5-6), high (7-10). Table 29 and Table 30 show the 
analysis of telomere length and the stratified groups of SES (community ladder) and 
SES (Hong Kong ladder) respectively. Using general linear model (ANCOVA， 
adjusted for the age effect), there were decreasing trends of telomere length with 
higher SES rankings in both community ladder (p=0.001) and Hong Kong ladder 
(p=0.017) in men. Such associations were not found in women. 
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Table 28. Summary of self-ranked SES in the cohort 
SES (community) SES (Hong Kong) 
Mean (SD) Median (IQR) Mean (SD) Median (IQR) 
Man' 6.43 (2.26) 6 (5-8) 4.53 (1.90) 5 (3-6) 
Woman� 7.11 (2.20) 7 (5-9) 4.5 (1.93) 5 (3-5) 
P for difference <0.001 — 0.739 — 
1 N=947 (Community ladder); N=954 (Hong Kong ladder) 
2 N=929 (Community ladder); N=938 (Hong Kong ladder) 
Table 29. Estimated mean (SE) of telomere length by SES (community) ranking, 
ANCOVA (adjusted for age) 
Gender Variable Estimated mean SES (community ladder) (SE) P for P for 
difference trend -6 7-10 
Man 
Woman 
N 139 362 457 
Telomere length 9.20 (0.14) 8.82(0.08) 8.68(0.08) 
N 69 344 565 





Table 30. Estimated mean (SE) of telomere length by SES (Hong Kong) ranking, 
ANCOVA (adjusted for age) 
Gender Variable Estimated mean SES (Hong Kong ladder) (SE) P for P for 
difference trend -6 •10 
Man 
Woman 
N 409 422 123 
Telomere length 8.91 (0.08) 8.80 (0.08) 8.52(0.15) 
N 395 422 121 






In the previous studies, one found that telomere length is not associated with SES (J. 
Adams, et ai, 2007) while another study found that shorter telomere length is related 
to lower SES ranking in the Caucasian middle-aged populations (Cherkas, et al.’ 
2006). In contrast to these studies, telomere length was negatively correlated with 
SES ranking in this study. One possible explanation could be, in the Hong Kong 
Chinese population, higher SES people have poorer lifestyles in terms of smoking, 
physical activity, or anti-oxidant intake. However, we could not found significant 
associations between those poor lifestyles mentioned with telomere length with 
referred to Section 3.4.1 to Section 3.4.4 above. Although Chinese tea containing 
anti-oxidants was found to be associated with telomere length in men (Section 3.4.4, 
Table XXX), it was not associated with the two ladders of SES, so it is unlikely that 
to be the factor that linking telomere length with SES. 
Another possibility goes to the psychological factor that may be associated with 
telomere length. Shorter telomere length has been linked with stress in some previous 
studies (Damjanovic, et ai, 2007; Epel, et al, 2004) and psychological stress may be 
mediated via inflammatory cytokine pathway, resulting in inflammatory and 
oxidative stress (Brydon, Edwards, Mohamed-Ali, & Steptoe，2004; Lansdorp, 2006) 
that may accelerate telomere erosion. Retirement has been linked with health and 
stress in the previous studies (Lo & Brown, 1999; Sharpley, 1997) and the 
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self-ranked SES may reflect a greater stress arising from changes after retirement in 
the Hong Kong men, therefore it is reasonable to speculate that changes of life after 
retirement may also affect telomere length. In contrast, older women in Hong Kong 
often had lower education levels, lower income and lower level occupations (or 
housewives) in their life. The changes of psychological stress after retirement may 
not be as great as in men. Estrogen may be another possible factor interfering with 
telomere length in women (Bayne & Liu, 2005). 
Subjective self-ranked SES rather than objective measures (e.g. education, income, 
occupation) was used in this study. Hong Kong is a developed country, and 
psychological factors are also important in addition to those material conditions 
(Marmot, 2001)，therefore, it may be more powerful to explore an indicator other 
than the traditional objective measures with regard to a dimension including the 
psychological factors of individuals. This indicator was developed in the healthy 
white women relying on the self ranking of social status (Adler, et al., 2000) and has 
been already used in many other studies in the developed countries (Goodman, et al, 
2003; Hu, Adler, Goldman, Weinstein, & Seeman, 2005; Ostrove, Adler, 
Kuppermann, & Washington，2000; Singh-Manoux, Adler, & Marmot，2003). It is 
believed that in relation to health and ageing, SES incorporated with psychological 
factors may be more important than solely objective measures (Sapolsky, 2005). 
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A questionnaire assessing for stress may be included in the future studies to test the 
hypothesis that people having higher self-ranked SES have higher psychological 
stress and thus shorter telomere length when they are retired. 
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CHAPTER 4. CONCLUSION 
4.1 General conclusion 
Telomere length becomes a hot topic in the biological and clinical researches in the 
recent years. In this study, the leukocyte telomere length showed a gender difference 
with women having longer telomere than men in general. Also, in men only, telomere 
length was significantly associated with age in an inverse relationship. Telomere 
length was also associated with coronary heart disease in men as supported by many 
other previous researches. Higher Chinese tea consumption of men was associated 
with longer telomere length, possibly due to the anti-oxidative property of tea. 
Shorter telomere length was found in the elderly men with higher self-ranked 
socioeconomic status. In women, no associations could be found in any disciplines, 
except the negative correlation of fats and oils intake and telomere length. 
4.2 The Significance of Telomere Length in the Elderly 
In this study, only a few factors were associated with telomere length and not much 
of the initial study hypotheses could be confirmed. Therefore, I consider telomere 
length may not be a good biological marker of ageing in the aged population. Other 
factors may be crucial in determining the biological age of a chronologically aged 
individual. 
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4.3 Future Works and Prospect 
Telomere has been comprehensively studied in this decade. Many of those researches 
were done base on cohort of middle-aged populations. In the elderly, the research 
may be suffered from survival bias. More longitudinal researches on telomere length, 
rather than cross-sectional researches, can be done to gather more information on 
how an individual grows and ages with changes in telomere length. 
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